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Session  of  Tuesday  Morning,  August  15 

The  Society  met  at  10  o'clock  a  m,  in  the  geological  lecture-room, 
Science  Hall,  University  of  Wisconsin ;  First  Vice-President  T.  C.  Cham- 
berlin in  the  chair. 

Professor  C.  R.  Van  Hise  welcomed  the  Society  to  the  city  of  Madison 
and  to  the  University  of  Wisconsin.  In  acknowledgment  of  this  wel- 
come response  was  made  by  the  acting  President. 

A  communication  from  the  President,  Sir  J.  William  Dawson,  was 
read,  expressing  regret  at  his  enforced  absence  from  the  meeting  of  the 

I^BcLL.  Okol.  Soc.  Am.,  Vol.  6,  1893.  (1) 
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Society,  thrQHgKMHnesa.    The  scientific  portion  of  his  communication 

was  res^ved.fof  the  scientific  program,  and  placed  as  the  first  paper 

upog**the**Ji8t. 
•  *   •  •  •• 

•!;..%.'•*  ELECTION  OF  FELLOWS 

"    The  Secretary  announced  as  the  result  of  the  balloting  for  Fellows 
that  the  following  persons  were  elected  Fellows  of  the  Society : 

Sandford  Fleming,  LL.  D.,  Ottawa,  Canada.  Civil  Engineer;  interested  espe- 
cially in  Pleistocene  geology. 

Charles  Hekry  Gordon,  B.  S.,  M.  S.,  Evanston,  111.  Instructor  in  Natural  History, 
Northwestern  University ;  now  engaged  in  field-work,  principally  in  Carbon- 
iferous regions ;  also  in  special  studies  in  stratigraphic  geology  and  in  paleon- 
tology. * 

Charles  Arthur  Hollick,  Ph.  B.  Assistant  in  Geology,  Columbia  College,  New 
York  City ;  engaged  in  paleontology. 

Thomas  Chbsmer  Weston,  Ottawa,  Canada.  Assistant  Curator,  etc,  Geological 
Survey  Department ;  now  engaged  in  paleontology  and  ethnology. 

Albert  Allen  Wright,  A.  B.,  Ph.  B.,  A.  M.  Professor  of  Geology,  Oberlin  Col- 
lege, Ol)erlin,  Ohio;  engaged  in  general  geology,  with  special  attention  to 
lithologic  geology  and  mineralogy. 

The  Secretary  read  a  communication  from  the  Alpine  Club  and  an 
accompanying  letter  from  Major  Marshall  Hall,  requesting  concert  of 
action  in  observing  and  recording  glacial  movements  and  other  glacial 
phenomena.  This  was  accompanied  by  a  recommendation  from  the 
Council  that  a  committee  of  three  be  elected  to  report  at  the  winter 
meeting  of  the  Society.  The  committee  was  elected  as  follows :  I.  C. 
Russell,  J.  W.  Spencer  and  Warren  Upham. 

In  response  to  a  circular  letter  of  invitation  transmitted  to  foreign 
geologists  by  the  President  and  Secretary,  several  letters  were  presented 
from  European  geologists  expressing  regrets  at  their  inability  to  be  pres- 
ent at  this  meeting  of  the  Society. 

The  President  announced  that  the  Council  had  determined  that  the 
other  sessions  of  the  meeting  should  be  held  on  Tuesday  afternoon  and 
Tuesday  evening,  and  on  the  morning  and  afternoon  of  Wednesday. 

The  scientific  work  of  the  meeting  was  declared  in  order,  and  the 
President  announced  the  first  paper  on  the  printed  program,  which,  in 
the  absence  of  the  author,  was  read  by  the  Secretary : 

THE   STUDY   OF   FOSSIL   PLANTS 
BY  SIR  J.    WILLIAM   DAWSON 

It  is  a  cause  of  much  rcgn^t  to  me  that  the  imperfect  restoration  of  my  health 
will  prevent  me  from  enjoying  the  pleasure  of  attending  the  Madison  meeting  of 
the  Society.     I  beg,  however,  to  extend  to  all  my  colleagues  and  to  the  visitors 
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from  abroad  who  may  honor  the  Society  with  their  presence  my  most  cordial 
regards  and  good  wishes,  and  to  express  the  hope  that  the  meeting  may  be  in  the 
highest  degree  pleasant  and  profitable. 

Though  unable  to  prepare  any  formal  paper  or  address,  I  desire  to  invite  your 
attention  for  a  few  minutes  to  a  subject  to  which  I  have  given  some  study  in  recent 
years,  more  especially  from  the  point  of  view  of  a  geologist. 

The  study  of  fossil  plants  has  until  lately  been  comparatively  neglected  by  geolo- 
gists, in  comparison  with  that  of  animal  fossils.  Its  interest  in  connection  with 
the  history  of  life  on  the  earth  has  been  admitted  on  all  sides,  and  much  attention 
has  been  given  both  to  the  discrimination  of  species  and  to  the  peculiar  structures 
of  the  more  ancient  forms  of  vegetation,  but  it  has  by  many  geologists  been  quietly 
set  aside  as  having  little  bearing  on  the  progress  of  their  science.  I  propose  to 
make  a  few  remarks  on  this  subject,  based  principally  on  my  own  experience,  and 
preparatory  perhaps  to  a  more  full  treatment  of  the  question  should  I  be  permitted 
to  attend  the  winter  meeting  of  the  Society. 

The  two  principal  points  in  which  fossil  plants  can  aid  the  geologist  are  in  the 
determination  of  geologic  age  and  in  that  of  climatal  conditions.    In  regard  to  the 
former,  plants  have  the  advantage  of  very  wide  geographic  distribution  over 
the  continents,  and  in  earlier  periods,  when  climatal  distinctions  were  less  marked, 
more  so  than  at  present.    In  this  respect  they  correspond  in  some  degree  on  the 
land  to  the  distribution  of  the  lower  forms  of  marine  life  in  the  sea.    On  the  other 
hand,  they  are  much  affected  by  climate,  altitude  and  station,  but  scarcely  more 
80  than  animal  fossils.    The  species  and  generic  forms  of  plants  are,  however,  of 
long  duration,  and  are  therefore  less  available  for  nice  discrimination  of  subdivis- 
ions of  geoli^ic  formations  than  the  higher  animals.    With  reference  to  indications 
of  change  of  climate,  and  this  more  especially  in  the  later  parts  of  the  geologic 
series,  they  are  of  paramount  value  and  have  afforded  the  most  satisfactory  results. 
If  we  go  back  to  the  oldest  land  flora  certainly  known,  that  of  the  Silurian  and 
Erian  or  Devonian,  though  the  plants  are  of  strange  and  peculiar  forms  and  indica- 
tive of  a  much  greater  uniformity  of  climate  than  that  prevailing  at  present,  they 
afford  valuable  marks  of  geologic  time.    I  have  shown  that  in  Canada  three  sub- 
diWsions  are  indicated  by  fossil  plants,  and  this  with  a  great  degree  of  certainty. 
The  oldest  is  that  of  the  upper  beds  of  the  Silurian  and  the  lower  Erian,  character- 
ized by  the  prevalence  of  Psilophyion,  Arthrostigma  and  some  rhizocarpean  forms 
like  Parka.    This  holds  good  over  both  America  and  western  Europe.    The  second 
ifl  that  of  the  middle  Erian,  of  which  a  prominent  type  is  that  of  the  plant  beds  of 
Saint  John,  New  Brunswick.    This  is  remarkably  rich  in  ferns,  and  with  this  cor- 
responds the  not  infrequent  occuirence  of  drift  stems  of  tree  ferns  even  in  the 
marine  limestones  and  shales  of  the  Comiferous  and  Hamilton  groups  in  the  United 
States.    The  rich  plant  beds  of  this  horizon  are  apparently  very  limited  in  distribu- 
tion, bat  wherever  they  can  be  found  they  will  yield  good  geologic  evidence.    The 
upper  Erian  (Chemung  and  Catskill)  shows  a  poorer  flora,  but  is  characterized  by 
the  ferns  of  the  genus  Archwopteris,  and  in  some  regions  by  a  marvelous  abundance 
of  macrospores  of  Proto-mlvinia,    These  three  subdivisions  have  now  been  so  cor- 
related with  the  fossil  fishes  and  the  stratigraphy  of  the  system  that  no  doubt  can 
exist  as  to  their  validity  or  their  value  in  determining  different  horizons. 

Ascending  into  the  Carboniferous  we  find  the  same  monotonous  flora,  indicating 
the  prevalence  of  very  uniform  conditions  over  large  areas,  and  probably  a  low  and 
fiat  position  of  the  continents  and  much  carbon  dioxide  in  the  atmosphere.    This 
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flora  alsO)  like  that  of  the  Erian,  prevails  from  the  north  pole  to  the  equator,  and 
with  some  modification  in  the  southern  hemisphere.  We  have  here  also  three 
well  marked  sub-fioras.  The  oldest  is  characterized  by  lepidodendra,  with  im- 
perfectly developed  exogenous  woody  zone  and  short  leaves  of  the  type  of  Z. 
vfUiiemianum^  and  by  cyclopterid  ferns  of  the  type  which  I  have  named  Aneimii^. 
The  Horton  series  of  Xova  Scotia,  the  lower  or  bastard  Ck>al  Measures  of  the 
Southern  states,  and  the  Tweedian  series  of  England  and  Scotland  exemplify  this 
flora,  which  is  markedly  distinct  from  that  of  the  upper  Krian  below  and  that  of 
the  Millstone  Grit  and  productive  coal  measures  above.  The  central  group  exeiu- 
plifieis  the  culmination  of  the  well  known  coal  formation  flora,  on  which  no  special 
remark  need  be  made.  Above  this  the  Carboniferous  flora  dwindles  into  that  of 
the  Permian,  described  by  Fontaine  in  the  south  and  by  Mr  Bain  and  myself  in 
Prince  Edward  island.  The  genus  Tylodendron  is  one  of  its  peculiar  forms,  as  well 
as  certain  species  of  calami  tes,  ferns  and  asterophyllites. 

The  older  Mesozoic  flora  is  quite  distinct  from  that  of  the  Carboniferous  on  the 
one  hand  and  that  of  the  middle  Cretaceous  on  the  other.  Its  subdivisions  are 
not  so  well  marked  or  so  well  ascertained  as  those  of  the  Carboniferous,  but  there 
are  certainly  distinct  Triassic,  Jurassic  and  lower  Cretaceous  forms,  quite  suffi- 
cient for  paleontologic  distinction. 

In  the  middle  and  upper  Cretaceous  and  the  Tertiary  there  has  been  much  con- 
fusion, owing  to  want  of  stratigraphic  distinctness  of  the  beds  holding  the  fossils. 
This  difficulty  is.  however,  rapidly  being  removed,  and  Starkie  Gardner,  in  En- 
gland, and  Ward,  in  America,  have  been  successfully  laboring  in  this,  while  we 
have  been  doin^  our  share  in  Canada.  In  North  America,  at  least,  there  is  now 
no  difliculty  in  distinguishing  a  lower,  middle  and  upper  Cretaceous  flora,  besides 
that  of  the  Laramie,  which  is  more  nearly  related  to  the  lower  Eocene  than  to  that 
of  the  Cretaceous,  that  of  the  Mioctene,  and  that  of  the  Pliocene  and  Pleistocene. 
The  distinctness  and  yet  similarities  of  these  successive  floras,  their  growing  assim- 
ilation to  those  of  the  modern  period,  and  the  vicissitudes  of  physical  geography 
and  climate  which  they  indicate  are  among  the  most  remarkable  facts  of  modem 
geology ;  and  it  is  not  saying  too  much  to  affirm  that,  in  so  far  as  climatal  condi- 
tions are  concerned,  the  evidence  of  fossil  plants  has  done  more  than  that  of  ani- 
mals to  elucidate  these  vicissitudes  of  the  earth's  later  history,  and  that  it  is  des- 
tined in  the  near  future  to  do  so  still  more.  On  this  part  of  the  subject,  however, 
I  do  not  propose  to  enter  at  present.  It  is  one  raising  a  great  variety  of  difficnilt 
questions  respecting  the  alternations  of  warm  and  cold  climates  in  the  northern 
hemisphere,  and  I  hope  to  make  it  the  subject  of  an  address  for  our  winter  meet- 
ing. 

This  country  has  lost  within  a  short  time  two  distinguished  paleobotanists : 
flrst  Lesquereux  and  then  Newberry— -losses  hard  to  l)e  supplied.  It  is,  however, 
gratifying  to  know  that  there  are  younger  men  ably  following  in  their  st^jps.  The 
Geological  Survey  of  the  United  States  has  just  published,  under  the  judicious 
editorship  of  Professor  Knowlton,  Lesquereux's  last  work  on  that  most  interesting 
flora  of  the  Dakota  group,  which  in  Cenomanian  times  extended  itself  over  Korth 
America  and  as  fiir  as  Greenland ;  and  for  the  first  time  established  on  our  conti- 
nent, and  this  in  a  grand  and  noble  form,  the  undisputed  reign  of  the  dicotyledo- 
nous trees.  To  this  report  I^esquereux  has  appended  an  analysis  of  the  Cretaceous 
floras,  embodying  the  results  of  his  long  experience,  and  tracing  the  fortunes  of  the 
several  genera,  so  far  as  known,  from  their  earliest  appearance  to  the  modern  time. 
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This  esBay  deserves  the  careful  study  of  every  one  interested  in  the  history  of  life 
on  our  planet. 

It  is  well  that  the  Geological  Survey  of  the  United  States  can  give  to  the  world 
such  works  and  can  afford  a  place  on  its  staff  and  in  its  laboratories  to  this  im- 
portant subject.  It  is  to  be  hoped  that  it  may  do  this  to  a  still  greater  extent,  for 
however  the  study  of  fossil  plants  may  be  advanced  by  the  zeal  of  independent 
collectors  and  students,  it  requires  a  national  nucleus  and  means  for  adequate  pub- 
lication and  distribution  of  its  results,  and  for  the  safe  keeping  and  proper  arrange- 
ment of  thoee  spec^imeus,  often  so  rare,  valuable  and  fragile,  which  exhibit  to  the 
eye  the  history  of  plant  life  from  the  old  Paleozoic  times. 

Remarks  upon  the  matter  of  the  President's  communication  were 
made  by  C.  D.  Walcott,  who  stated  that  the  uncompleted  work  of  Pro- 
fessor J.  S.  Newberry  would  be  pre])ared  tor  publication  by  Dr  Arthur 
Hollick,  and  that  paleobotanic  work  was  receiving  full  attention  in  the 
United  States  Geological  Survey  and  National  Museum ;  Professor  Lester 
F.  Ward  and  Professor  F.  H.  Knowlton  being  engaged  upon  the  paleo- 
botany of  the  Mesozoic  and  Cenozoic  strata,  and  Mr  David  White  upon 
the  Paleozoic  flora. 

The  second  paper  read  was — 

ORIGIN  OF  THE   PENNSYLVANIA   ANTHRACITE 
BY  J,   J.    STEVENSON 

This  paper  will  be  found  printed  in  full  in  succeeding  pages  of  this 
volume. 

The  third  and  concluding  paper  of  the  morning  session  was  as  follows : 

THE  SUCCESSION  IN  THE  MARQUETTE  IRON  DISTRICT  OF   MICHIGAN 
BY  C.   B.   VAN  HI8E 

lAbstracQ 

As  a  result  of  the  detailed  mapping  of  the  Marquette  iron-bearing  district  of 
Michigan  by  the  I^ake  Superior  division  of  the  United  States  Geological  Survey  the 
following  succession  has  been  found  to  obtain  in  the  iron-producing  part  of  the 
arpa: 

The  oldest  group  of  the  region  is  the  Basement  Complex,  consisting  of  granites, 
{^eisses,  various  green  schists  and  greenstone-conglomerates.  The  latter  rocks 
appear  to  be  surface  volcanics,  in  part  lavas  and  in  part  tuffs.  The  green  schists, 
as  well  as  the  mica-schists,  hornblende-schists  and  gneisses,  are  intruded  in  the 
most  intricate  way  by  the  granite  and  gnei.ssoid  granite.  Many  of  the  laminated 
rocks  have  been  traced  into  massive  phases,  so  that  it  is  known  that  many  of  them 
are  of  igneous  origin.    On  the  other  hand,  it  has  not  been  possible  as  yet  to  show 
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that  any  are  sedimentary,  although  it  is  not  asserted  that  such  rocks  do  not  exist 
within  the  Basement  Complex. 

Following  the  Basement  Complex  unconformably  is  the  Lower  Marquette  aeries. 
At  the  base  of  this  series  is  a  conglomerate  and  quartzite  formation,  usually  thin, 
and  upon  this  rests  an  iron-bearing  fonnation,  so  called  because  within  it  occur 
ore-bodies.  The  change  from  the  quartzite  to  the  iron-bearing  formation  is  usually 
gradual,  and  before  the  typical  phases  of  the  formation  appear  there  are  in  places 
several  alternations  of  fragmental  and  non-fragmental  material.  The  iron-bearing 
formation  comprises  many  varieties  of  rocks,  actinolite-magnetite-schists,  ferrugi- 
nous chert  and  jasper,  however,  being  the  most  prevalent,  but  ferro-dolomite  is 
also  present. 

Resting  unconformably  on  the  Lower  Marquette  series  or  upon  the  Basement 
Complex  is  the  Upper  Marquette  series.  Looked  at  broadly,  this  is  a  great  shale, 
mica-slate  and  mica-schist  formation.  However,  at  its  base  at  many  places  are 
quartzites  and  conglomerates,  the  character  of  which  depends  upon  the  immedi- 
ately subjacent  rocks.  Where  the  inferior  rock  chances  to  be  the  iron-bearing 
formation  of  the  Lower  Marquette,  the  detritus  forms  a  recomposed  iron-formation, 
and  when  secondary  concentration  has  also  occurred,  this  may  carry  ore-bodies. 
The  Upper  Marquette  slate  contains  another  irourbearing  horizon,  which  is  situat^hl 
several  hundred  to  one  thousand  feet  from  its  base.  The  phases  of  rock  consti- 
tuting this  formation  are  similar  to  those  of  the  iron-bearing  formation  in  the  Lower 
Marquette,  although  jasper  is  not  so  plentiful,  and  cherty  ferro-dolomite  is  more 
abundant. 

At  the  east  end  of  the  Marquette  district  appears  an  area  of  cherty  quartzites, 
slates  and  cherty  limestones,  to  which  the  term  Mesnard  series  has  been  applied 
by  the  Michigan  state  survey.  This  series  is  lithologically  very  different  from  the 
Lower  Marquette  or  Upper  Marquette  series  as  developed  in  the  iron-bearing  district 
to  the  westward.  Its  position  has  not  yet  been  positively  determined.  It  is  poe- 
siblv  a  downward  continuation  of  the  Upper  Marquette  series,  and  also  possibly 
occupies  a  position  unconformably  between  the  Lower  Marquette  and  Upper  Mar- 
quette series  as  they  exist  to  the  west.  The  succession  in  the  Mesnardarea  in  its 
most  typical  development  comprises  in  ascending  order  (1)  a  lower  quartzite,  at  the 
bottom  of  which  is  frequently  a  basal  conglomerate ;  (2)  a  formation  consisting  of 
dolomite  interstratified  with  slates  and  quartzites,  often  cherty,  and  (3)  an  upper 
quartzite  often  similar  to  the  belts  of  this  rock  interstratified  with  the  dolomite. 

Included  within  the  Marquette  series  are  great  intrusive  dikes  and  bosses  of 
altered  diabase.  Their  intrusion  is  in  many  places  the  cause  of  the  minor  folding. 
Also  in  the  Upi)er  Marquette  district-  is  an  extensive  area  of  contemporaneous  vol- 
canics,  largely  tuffs,  running  from  north  of  the  Saginaw  and  Goodrich  mines  to 
Champion.  The  greatest  width  of  this  volcanic  belt  and  the  locus  of  the  ancient 
volcfltuo  was  soutlieast  of  C^larksburg.'  In  passing  east  or  west  from  this  txjnter 
more  and  more  of  water-deposited  sediments  api>ear  mingled  with  the  volcanic 
d<?bris,  until  the  rockn  pass  into  the  ordinary  sediments  of  the  region. 

To  the  above  succession  and  the  separating  unconformities  both  the  United 
States  and  the  Michigan  geological  surveys  are  agreed.  The  latter  .survey  has, 
however,  recently  announced  that  the  I^wer  Marquette  and  the  Upper  Marquette 
are  each  divisible  into  two  series  by  minor  unconformities ;  the  first  into  Republic 
and  Mesnard,  the  second  into  Hoi  yoke  and  Negaunee.  This  order  places  the 
Mesnard  in  the  second  of  the  two  possible  places  above  suggested.  The  evidence 
upon  which  these  new  subdivisions  are  based  has  as  yet  not  been  published. 
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Session  of  Tuesday  ArrERNOON,  August  15 

The  Society  was  called  to  order  by  Vice-President  Stevenson,  at  2 
o'clock,  and  the  following  paper  was  read  by  F.  W.  Sardeson : 

THE  MAGNESIAN  SERIES  OP  THE  NORTHWESTERN  STATES 
BY  C.   W.    HALL  AND  P.   W.    SARDESON 

This  paper  will  be  found  printed  in  full  in  the  succeeding  pages  of 
this  volume. 

The  three  following  papers,  by  the  same  author,  were  read  in  succes- 
sion without  discussion : 

A  NEW  SPECIES   OP  DINICHTHYS 

A   NEW   CLAD0DU8  PROM  THE   CLEVELAND  SHALE 

A   REMARKABLE  FOSSIL  JAW  PROM   THE  CLEVELAND  SHALE 

BY  B.    W.    CLAYPOLE 

The  three  following  papers  were  read  in  succession  and  discussed  as 
a  whole : 

LIMITS  OP  THE  GLACIATED  AREA   IN   NEW  JERSEY 
BY   A.    A.    WRIGHT 

CordeniB 
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Introduction. 

A  year  ago,  at  the  Rochester  meeting:  of  the  American  Association  for  the 
Advancement  of  Science,  I  presented  a  paper  on  "  Extramorainic  Drift  in  New 
Jersey,"  in  which  the  endeavor  was  made  to  distinguish  hetween  the  true  glacial 
deposits  and  those  which  had  suflfered  some  secondary  transportation  by  water  or 
floating  ice.  The  area  studied  was  principally  the  western  part  of  the  state,  from 
Delaware  river  about  Belvidere  and  Easton  eastward  to  about  Oxford  Furnace, 
Washington  and  Hi|(h  Bridge,  the  latter  on  the  southern  branch  of  Karitan  river. 
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During  the  present  season  I  have  had  the  opportunity  of  extending  observations 
eastward  and  southward.  The  additional  facts  now  presented  sustain  most  of  the 
conclusions  of  the  previous  paper,  but  modify  some,  and,  as  I  trust,  will  be  found 
an  advance  in  the  endeavor  to  locate  the  southern  limit  of  the  earlier  extension  of 
the  ice-sheet  A  part  of  this  field-work  this  year,  as  last,  was  done  in  company 
with  Professor  G.  F.  Wright. 

Character  op  the  glacial  Material. 

The  area  south  of  the  moraine  presents  great  geologic  and  topographic  diversity, 
and  as  a  result  the  glacial  deposits  in  this  area  exhibit  a  great  variety  both  as  to 
their  lithologic  constitution  and  as  to  their  structural  arrangement.  Lithologically 
we  have  in  'place  Hudson  river  slates  and  shales,  Siluro-Cambrian  limestones, 
Cambrian  qnartzites  and  Archean  gneisses,  which,  although  they  exist  also  in  the 
regions  north  of  the  moraine,  are  found  in  place  south  of  the  moraine  and  enter 
conspicuously  into  the  extramorainic  deposits.  Beyond  these  we  find  the  south- 
ernmost glacial  deposits  spread  out  upon  the  red  Triassic  formation,  and  in  such 
cases  the  Trias  has  contributed  richly  of  its  varied  elements— shales,  sandstones  and 
quartzites ;  the  latter  from  its  conglomeratic  layers.  For  foreign  elements  we  find 
bowlders  representing  the  Oriskany,  the  Clinton,  the  Medina  and  Oneida,  all  of 
which  exist  in  place  in  the  region  of  Kittatinny  mountain,  upon  the  extreme 
northern  border  of  the  state,  while  the  Green  Pond  mountain  series  lies  at  a  less 
distance  north  of  the  moraine.  Doubtleas,  also,  some  of  the  erratics  are  to  be 
ascribed  to  the  Laurentian  area  of  the  north.  While  all  of  these  elements  may 
enter  into  the  composition  of  a  deposit,  it  is  still  by  the  recognition  of  the  few  that 
may  be  scattered  upon  the  surfiice  of  a  region  that  th*e  path  of  the  ice  is  principally 
traced. 

Topography  of  the  Region  and  its  Influence  on  Glaciation. 

The  topography  of  the  region  also  is  sufficiently  varied  to  beget  great  diversity 
in  the  thickness  and  extent  of  the  true  glacial  deposits.  On  the  west  there  are 
highland  ridges  which  run  diagonally  to  the  principal  direction  of  ice-flow,  thus 
deflecting  the  ice-currents  and  affecting  the  position  and  the  thickness  of  the 
deposits.  Further  east  there  are  several  trap-ridges  which  similarly  affected  and 
limited  the  ice-flow.  Even  the  smaller  preglacial  valleys  of  erosion,  which  consti- 
tuted the  finer  features  of  the  surface  configuration,  are  sometimes  seen  to  have 
controlled  the  local  thickness  of  deposits,  while  postglacial  erosion,  however  great 
or  small  this  may  be,  has  added  its  effect  in  the  same  direction.  This  great  variety 
of  aspects  which  the  drift  presents,  while  it  adds  interest  to  the  task,  adds  also 
some  difficulties  which  are  not  everywhere  encountered,  with  a  resulting  variety 
of  views  on  the  part  of  different  observers. 

Determination  of  the  boundary  Line. 

The  region  where  the  limit  of  the  ice-flow  can  be  most  distinctly  seen  is  perhaps 
neither  on  the  eastern  nor  on  the  western  border  of  the  state,  but  nearer  the  cen- 
ter. Over  the  tolerably  level  plain  west  of  Somerville  and  south  of  White  House, 
where  the  rock  in  place  is  a  rather  unifonn  Triassic  shale,  there  are  several  points 
where  the  distribution  of  northern  material  ceases  abruptly.    One  of  the  most 
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arceasible  and  satisfactory  of  these  is  situated  one  mile  south  of  White  House  sta- 
tion, in  Hunterdon  county.  There  is  here  a  fine  deposit  of  red  till,  exposed  to  a 
depth  of  six  or  eight  feet,  containing  pebbles  of  gneiss,  quartzite,  etc,  from  four 
inches  in  diameter  down,  while  other  fragments  of  similar  rock  up  to  a  size  of  two 
and  three  feet  are  seen  along  the  road.  This  deposit  extends  east  and  west,  in  a 
gentle  swell,  for  more  than  a  mile.  A  trifle  further  southward,  at  Drea  Hook 
whool-house,  the  last  of  the  northern  pebbles  are  seen  scattered  thinly  over  the 
fields  and  quite  small  in  size.  Southward  from  this  point  for  a  distance  of  at  least 
two  miles  the  country'  is  entirely  destitute  of  pebbles  of  every  sort.  The  fields  are 
clean  and  smooth  and  the  shale  in  place  frequently  comes  close  to  the  surfiice.  On 
the  other  hand,  northward  from  this  point  for  five  miles  through  White  House, 
Pottorstown  and  Lamington,  and  thence  eastward  through  Greater  Cross-roads  to 
Pluekamin,  all  upon  the  same  Triassic  area,  there  is  to  be  found  plenty  of  north- 
trn  material,  such  as  Green  Pond  mountain  conglomerates,  Kitta tinny  mountain 
quartzites  and  conglomerates,  gneisses  of  various  sorts,  black  flint,  white  quartz 
and  so  on. 

Several  other  points  in  this  vicinity  were  detennined  as  definitely  as  that  at 
Drea  Hook.  One  mile  southeast  of  Drea-  Hook  a  similar  crossing  of  the  border 
showed  similar  appearances.  Still  ferther  east  the  same  sharp  contrast  occurs  one 
mile  north  of  Readington,  and  again  about  two  miles  east  of  Readington.  In  all 
of  these  cases  the  foreign  material  is  distributed  in  such  positions  with  reference 
to  the  topography  as  to  warrant  the  belief  that  land-ice  was  the  distributing  agent. 
Drawing  a  line  through  the  points  just  mentioned,  we  find  that  it  runs  from  the 
vicinity  of  the  junction  of  tlie  northern  and  southern  branches  of  Raritan  river 
with  a  northwesterly  course  to  the  eastern  fiank  of  the  trap-ridge  called  Cushetunk 
mountain.  This  curved  ridge,  rising  400  or  500  feet  above  the  surrounding  country, 
apparently  acted  as  a  barrier  against  which  the  margin  of  the  ice  abutted,  but 
which  it  did  not  override.  Northern  bowlders  are  found  plentifiilly  around  its 
northern  base,  but  not  upon  the  southern.  For  example,  in  the  railroad  cut  a  mile 
west  of  White  House  station  there  is  a  deposit  of  till  eighteen  inches  deep  with 
northern  pebbles  up  to  a  size  of  six  inches.  Upon  examining  the  northern  flank 
of  the  ridge  up  to  50  or  100  feet  nothing  but  the  local  trap  could  be  detected.  At  the 
town  of  Lebanon,  on  the  northern  base  of  the  mounta.in,  there  is  a  good  depth  of 
till  with  northern  bowlders.  At  Annandale,  two  miles  ferther  westward,  there  are 
large  fragments  of  quartzite  and  of  Green  Pond  mountain  conglomerate  up  to  a 
Ifngth  of  two  and  a  half  feet.  On  the  western  foot  of  the  mountain,  at  Allerville, 
four  miles  or  more  south  of  High  Bridge,  northern  material  is  quite  abundant,  but 
it  disappears  a  short  distance  south  of  this  place,  and  for  a  mile  or  more  beyond 
nothing  foreign  is  found.  An  examination  of  Round  valley,  which  lies  within  the 
horseshoe  curve  of  Cushetunk  mountain,  revealed  no  evidence  of  its  having  been 
occupied  by  ice. 

The  country  west  of  Cushetunk  mountain  lies  somewhat  higher  than  that  on  the 
eai«t,  and  is  more  deeply  sculptured  by  erosion,  yet  a  number  of  points  upon  the 
boundary  of  glaciation  seemed  to  be  satisfactorily  made  out  here.  The  underlying 
ntck  is  Triassic,  and  it  would  seem  that  all  foreign  materials  might  easily  be  dis- 
tiuKuLshed  in  contrast  with  it ;  but  over  most  of  the  region  it  is  the  conglomeratic 
layers  of  the  Trias  that  are  exposed,  and  which  contain  pebbles  of  northern 
quartzites,  conglomerates  and  probably  other  types  of  rock  brought  into  the  region 
II -Bull.  Oboi..  Soc.  Am.,  Vol.  5.  1893. 
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in  Triassic  times.  These  rounded  pebbles  have  been  weathered  out  of  tlieir  un- 
stable red  matrix  in  great  numbers,  probably  in  both  preglacial  and  postglsunal 
times.  They  reach  a  size  of  three  inches  commonly,  but  still  there  are  plenty  of  6 
and  12  inches  and  some  of  15  inches.  Not  infrequently  in  the  vicinity  of  streams 
we  find  these  pebbles  redeposited  with  clay  and  sand  in  unstratified  masses  closely 
resembling  glacial  till.  There  are  other  deposits  of  these  same  materials,  however, 
which  are  doubtless  glacial,  and  some  of  them  may  be  characterized  by  angular 
fVagments  of  gneiss  from  the  mountains  northward,  which  have  never  been  im- 
bedded in  the  Triassic  conglomerate.  On  account  of  the  difficulties  just  described 
the  points  upon  the  boundary  which  are  given  west  of  Cushetunk  mountain  may 
not  have  been  determined  with  entire  precision,  but  they  are  believed  to  be  nearly 
correct. 


FiogBS  l.—Map  showing  LimiU  of  the  glaciated  Area  in  New  Jereey. 


The  first  point  is  one-half  mile  south  of  Allerville ;  the  second  is  a  mile  west  of 
the  first  and  a  mile  east  of  Landsdown ;  the  third  is  at  Sidney,  a  mile  south w^est 
of  Landsdown ;  the  fourth  is  at  King's  mill  or  Kingstown,  and  includes  the  hills 
north  of  Pittstown,  but  excludes  those  to  the  southeast  and  southwest  of  Pitts- 
town  ;  the  fifth  and  sixth  are  about  a  mile  south  and  southwest  respectively  of 
Midvale.  This  last  station  is  at  an  altitude  of  (>00  feet  above  tide,  and,  although 
still  upon  the  Triassic,  is  not  greatly  lower  than  some  of  the  passes  upon  the 
Archean  ridge  of  Musconetcong  mountain.  The  line  doubtless  passes  south  of 
Pattenburg  and  north  of  Little  York,  crosses  the  Musconetcong  ridge  at  the'altitude 
of  760  feet  southwest  of  Bloomsbury,  lies  high  upon  the  northwestern  flank  of  the 
Musconetcong  south  of  Hughesville,  and  reaches  the  Delaware  river  in  the  vicinity 
of  Riegelsville.  More  detailed  work  may  yet  be  profitably  done  in  determining 
the  distribution  of  the  drift  upon  Musconetcong  mountain  west  of  Pattenburg. 
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The  Altitude  of  the  determined  Points. 

The  altitude  of  the  points  upon  this  boundary  line  decreases  from  west  to  east. 
Upon  Muaconetcong  mountain  it  is  760  feet ;  southwest  of  Mid  vale  it  is  600  feet ; 
north  of  Pittstown  it  is  460  feet ;  at  Sidney,  360  feet ;  around  the  base  of  Cushetunk 
mountain  it  is  260  feet,  and  at  Readington,  180  feet.  Further  east  on  this  line  it 
is  impossible,  from  any  observations  yet  made,  to  locate  the  boundary.  The  land 
near  the  Raritan  is  mostly  between  50  and  100  feet  above  tide,  and  although  there 
is  plenty  of  foreign  material  lying  upon  the  Triassic  base,  the  possibility  and  the 
strong  probability  of  its  having  been  transported  by  other  agencies  than  land-ice 
will  force  itself  upon  the  mind  of  any  observer.  To  the  eastward  and  southward 
from  South  Branch  there  is  encountered  at  all  levels  up  to  125  or  even  140  feet 
I>obble8  of  yellow  and  white  quartz,  well  rounded  and  about  an  inch  in  diameter. 
They  are  Hcattereii  rather  thinly  over  the  fields  from  South  Branch  to  New  Bruns- 
wick and  from  Somerville  southward.  On  the  low  grounds  along  streams  they 
may  be  found  gathered,  with  sand,  to  a  thickness  of  several  feet.  These  pebbles 
plainly  do  not  come  from  the  north,  but  as  plainly  they  resemble  the  gravel  that  to 
the  southeastward  lies  five  to  fifteen  feet  thick  upon  the  Cretaceous  belt,  extending 
from  South  Amboy  to  Trenton.  They  seem  to  imply  a  submergence,  accompanied 
by  water  transportation  from  the  southeast. 

Associated  with  these  yellow  pebbles  in  many  places  there  are  larger  ones,  up  to 
three  inches,  of  white  sandstone,  well  rounded  and  weathered  to  a  buff  or  brown 
exterior.  True  quartzite  pebbles  of  similar  appearance  also  occur,  and,  beside  all 
these,  larger  specimens  of  from  6  to  24  inches,  especially  of  sandstones  and  quartz- 
ites,  are  irregularly  scattered  over  a  great  area  from  Metuchen  south  westward. 
They  may  have  been  carried  by  floating  ice. 

Tliere  is  some  evidence  that  this  lobe  of  the  ice-sheet  never  extended  tar  into  the 
cf  mntry  south  of  the  Raritan,  on  account  of  the  barrier  presented  by  the  trap-ridges 
calU*d  Watchung  mountain  or  First  and  Second  mountains.  First  mountain  is 
alHiut  500  feet  high  and  Second  mountain  about  600.  At  the  base  of  First  mountain, 
directly  north  of  Somerville  and  above  the  140-foot  contour,  there  are  erratics 
which  I  tliink  were  deposited  by  land-ice.  They  consist  of  gneiss,  quartzite,  con- 
glomerate, sandstone  and  trap,  the  latter  the  most  abundant  of  all.  Northern 
bowlders  are  also  abundant  at  Pluckamin,  on  the  western  margin  of  the  trap-hills, 
Init  eastward  of  Somerville  and  northward  of  Bound  Brook  none  of  these  were 
dett»cted ;  also,  careful  search  upon  the  summit  of  the  ridge  north  of  Somerville 
an<i  west  of  Plainfield  has  failed  to  show  anything  but  trap.  The  valley  between 
the  two  mountains,  from  Washingtonville  to  Warrenville,  is  likewise  destitute,  but 
there  is  plenty  of  northern  material  from  Mount  Bethel  to  Liberty  Corners  at  the 
general  level  of  250  feet.  From  these  facts  it  seems  probable  that  the  ice-sheet 
waa  never  sufficiently  jwwerful  to  override  these  trap-ridges  in  their  southernmost 
extension,  and  we  must  look  northward  rather  than  southwanl  for  the  true  limit  of 
the  glaciated  area. 

Parallelism  of  glacial  Bound.vry  and  Moraine. 

The  glacial  boundary  as  thus  far  described  will  naturally  be  compared  in  position 
with  that  part  of  the  moraine  which  lies  north  of  it.  The  general  parallelism  of 
the  two  lines  is  apparent.    The  average  distance  between  them  is  about  17  miles, 
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with  a  maximum  of  perhaps  20.  While  both  lines  are  visibly  deflected  by  tlie 
elevations  of  the  land  over  which  they  pass,  it  is  seen  that  the  boundary'  is  nmt'h 
the  more  sensitive  of  the  two  to  these  variations  in  altitude.  The  moraine  riv«ie« 
from  300  feet  at  Belvidere,  on  Delaware  river,  to  960  feet  at  Budd's  Lake,  on  Mus- 
conetcong  mountain,  beyond  which  point  it  descends.  The  boundary  rises  from 
the  low  ground  at  Riegelsville  on  the  river  to  760  feet  on  Musconetcong  mountain, 
beyond  which  it  descends ;  but  at  two  different  i)oint«  we  find  its  margin  indente<i 
by  trap-ridges  of  much  less  altitude  than  these  maximum  elevations.  This  fact 
seems  to  indicate  that  the  southern  margin  of  the  ice  was  comparatively  thin. 

Duration  and  Efficiency  of  the  glacial  Ice. 

Some  additional  facts  enumerated  below  seem  to  show  that  the  work  of  the  i(*e 
in  this  extramorainic  area  was  relatively  brief  and  not  very  powerful : 

1.  Its  brevity  is  indicated  by  its  failure  to  produce  well  marked  morainal  lincj^. 
While  an  exceedingly  slow  and  uniform  advance  and  a  retreat  of  the  same  char- 
acter may  be  conceivable,  yet  the  chances  would  be  that  if  the  ice  covered  the  area 
for  any  considerable  length  of  time  morainal  lines  would  be  developed. 

2.  There  are  some  districts  where  the  signs  of  glaciation  are  exceedingly  scanty, 
where  foreign  bowlders  or  rounded  bowlders  or  striated  bowlders  can  scarceh'  1h» 
found.  An  instance  in  point  is  tlie  region  north  of  High  Bridge,  where  for  several 
miles  no  sure  signs  of  glaciation  were  detected.  The  angular  gneiss  blocks  which 
monopolijse  the  surface  are  still  resting  on  a  gneiss  basis,  as  if  never  disturbed ;  and 
yet  we  now  know  from  other  sources  that  the  whole  must  have  been  covered  with 
ice.  It  is  hardly  probable  that  postglacial  erosion,  however  long  continued,  could 
wholly  remove  foreign  bowlders  from  any  district  over  which  they  had  once  been 
spread. 

3.  Many  of  the  till  deposits,  especially  those  ferther  from  the  moraine,  are  com- 
I)08ed  largely  of  local  material ;  that  is,  material  which  has  not  been  carried  very 
fer.  Is  not  this,  in  this  case,  a  sign  of  the  evanescent  character  of  the  glaciation  ? 
The  first  work  of  an  invading  ice-sheet  will  of  necessity  be  that  of  pushing  forward 
the  local  materials  loosened  by  previous  disintegration.  If  the  advancing  margin 
of  the  ice-sheet  is  formed,  as  is  probable,  from  local  snowfall  rather  than  from 
the  onward  moving  ice  that  was  compacted  far  northward,  the  foreign  material 
will  be  somewhat  tardy  in  its  arrival.  In  any  case,  the  longer  the  glaciation  con- 
tinues the  greater  will  be  the  quantity,  if  not  the  proportion,  of  foreign  material. 
It  is  perhaps  true  that  the  majority  of  till  deposits  contitin  in  the  aggregate  a  greater 
amount  of  local  than  of  foreign  material,  yet  the  vivid  impression  left  ujwn  one 
after  studying  the  southern  deposits  in  New  Jersey  is  that  the  till  resiwnds  very 
quickly  to  any  change  in  the  underlying  rock,  and  that  nearly  all  the  erratics 
might  have  been  obtained  from  latitudes  not  higlier  than  those  coveretl  by  the 
state  of  New  Jersey  itself.  Comparatively  few  have  to  be  referred  to  regions  nortli 
of  the  Mohawk  or  of  the  Saint  Lawrence. 

Lobes  of  the  New  Jersey  Mokalne. 

The  moraine  in  New  Jersey  may  be  naturally  divide<l  into  two  j)ortions : 

1.  That  which  was  formed  by  the  Delaware  lobe  of  the  ice-sheet  in  the  western 
part  of  the  state. 

2,  That  formed  by  the  Hudson  lobe  in  the  eastern  part. 
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The  two  parts  join  at  Denville,  where  the  moraine  is  seen  to  make  a  bend  at 
right  angles.  From  the  very  curve  of  the  eastern  part  it  is  evident  that  a  powerful 
current  of  ice  was  poured  down  the  Hudson  River  region  during  the  period  of 
its  formation,  carrying  the  moraine  as  far  as  Perth  Amhoy,  which  is  fully  27  miles 
south  of  Denville. 

Southeastern  Limit  of  the  glactal  Ice. 

The  question  at  once  arises  whether,  during  the  earlier  period  of  maximum 
prlaciation,  the  ice  extended  as  far  south  of  the  Hudson  lobe  as  it  did  south  of  the 
Delaware  lobe.  This  problem  is  as  yet  unsolved.  Although  many  blocks  of 
northern  gneiss  and  trap  have  been  carried  across  Rantan  river,  and  although 
white  sandstones,  conglomerates  and  (juartzites,  some  of  them  three  feet  long,  have 
iH'en  carried  at  least  15  miles  southwestward  from  Perth  Amboy,  many  of  which 
were,  as  I  think,  derived  from  the  Hudson  river  ice-flow,  yet,  so  far  as  I  have  had 
op|)ortunity  to  observe,  they  all  lie  on  low  ground  and  are  associated  with  the 
yellow  quartz-pebbles  to  which  I  have  previously  referred.  The  suspicion  there- 
fore obtains  that  they  were  transported  by  floating  ice. 

In  the  absence  of  the  author  the  next  paper  was  read  by  A.  A.  Wright : 

SOUTH    MOUNTAIN    GLACIATION 
BY   EDWARD  H.    WILLIAMS,  JUNIOR 

The  region  studied  and  concerning  which  this  preliminary  note  is  written  is 
bounded  on  the  north  by  South  mountain  just  back  of  South  Bethlehem,  Pennsyl- 
vania, and  on  the  south  by  a  spur  of  the  same  range  south  of  Center  valley,  Penn- 
sylvania. Its  eastern  edge  is  on  a  line  through  Leithsville  and  Hellertown,  and 
iu  western  limit  is  a  mile  west  of  Seidersville.  It  occupies  a  space  three  inches 
fn)iii  north  to  south  and  two  in  the  other  direction  on  the  colored  map  of  Lehigh 
and  Northampton  counties  in  Report  of  Progress,  D*,  volume  i,  of  the  Second  Geo- 
Icnncal  Survey  of  Pennsylvania.  An  examination  of  maps  2  and  3  of  the  Durham 
and  Reading  hills,  in  the  same  volume,  will  show  that  the  greater  part  of  the  area 
hen  in  the  Saucon  valley,  which  is  landlocked  to  the  south  below  400  feet  above 
title,  and  which  drains  into  the  Lehigh  valley  at  Shimersville  by  means  of  Saucon 
creek. 

The  valley  is  completely  surrounded  by  hills  of  the  South  mountain  gneiss,  which 
have  a  narrow  belt  of  Potsdam  about  them,  while  the  central  part  is  Siluro-Cam- 
)»rian  limestone,  which  has  a  trend  northeast  and  southwest,  and  parallel  to  the 
trend  of  the  range.  The  gneiss  is  generally  syenitic  in  this  area,  but  varies  from 
acid  to  basic.  The  limestone  readily  decomiwses  to  a  clay,  and  in  so  doing  de- 
w\i*ltn  a  finely  laminated  structure.  The  Potsdam  is  a  (]uartzite,  with  conchoidal 
fnieture,  and  the  latter  is  due  partly  to  pressure,  but  generally  to  concentric  aggre- 
2ati<m  alxjut  the  oriinnal  grains  of  the  sandstone.  It  can  be  usually  detected  when 
wejithered,  but  when  this  is  extreme  it  simulates  Medina,  so  that  care  is  neces- 
sary in  determining  very  much  decomposed  specimens  of  both  these  formations. 

Tlie  discussion  as  to  whether  ice  ever  came  as  far  south  as  Bethlehem  induced 
the  writer  to  put  the  postgraduates  in  mining  engineering  upon  this  part  of  the 
txmntr)-  for  their  geological  survey,  and,  to  make  the  matter  sufficiently  easy  of 
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determination,  it  was  decided  to  take  for  criteria  Oriskany  pebbles  and  bowlders, 
as  that  formation  is  jsenerally  foasiliferous  along  its  oatcrope  to  the  north,  and  is  so 
different  from  the  Potsdam  as  to  be  readily  distinguished  from  it  at  aU  stagee^  of 
weathering,  even  when  destitute  of  fossils.  The  presence  of  this  rock  would  be  an 
evidence  of  transportation,  and  when  higher  than  450  feet  above  tide  (the  level  of 
the  Columbia  formation)  would  be  evidence  of  the  presence  of  ice  or  of  the  former 
occupancy  of  the  region  by  Oriskany.  The  latter  condition  is  so  evidently  unpots- 
sible,  when  the  position  of  the  outcrops  is  studied,  that  it  would  be  safe  to  attribute 
to  ice  the  presence  of  such  flndf^,  especially  if  water- worn  or  glaciated. 

The  north  side  of  the  South  mountain  is  deeply  weathered,  and  in  a  cutting  for 
the  South  Bethlehem  reservoir  extends  over  20  feet  below  the  sur&ce.  It  is  seldom 
that  the  gneiss  is  found  at  the  surface  in  place.  On  this  side  of  the  mountain  there 
were  few  evidences  of  transportation  found,  but  these  extended  to  the  height  of 
600  feet  above  tide.  Dropping  the  work  on  this  side,  the  south  side  was  examined, 
and  there  large  masses  of  Oriskany  were  found,  as  well  as  typical  masses  of  Oneida 
conglomerate.  These  were  found  mixerl  with  Potsdam  and  gneiss  as  fer  south  as 
a  line  through  the  second  railroad  cut  south  of  Bingen  station  to  the  house  of  Cap- 
tain Eudy  near  the  most  northern  of  the  zinc  mines  at  FViedensville,  and  south  of 
this  line  nothing  of  the  kind  has  thus  far  been  found.  On  the  contrary,  the  sur- 
face is  generally  free  from  everything  but  the  rocks  of  the  formation  lying  beneath 
and  exhibits  these  rocks  in  more  or  less  weathered  conditions.  North  of  this  line 
four  lines  of  rocks,  more  or  less  continuous,  were  found  that  were  generally  parallel 
to  one  another.  The  second  from  the  south  has  been  traced  from  the  hill  jiift 
north  of  Leithsville  to  the  top  of  the  elevation  one  and  one-half  miles  west  of 
Soidersville,  where  the  barometer  shows  over  700  feet  above  tide.  In  these  lines 
there  are  stones  of  all  sizes,*  from  small  pebbles  to  bowlders  several  feet  long,  and 
in  some  places  Oriskany  is  abundant. 

This  work  is  to  be  continued  next  fall,  when  an  attempt  will  be  made  to  trace 
the  fringe  over  the  mountain  to  the  Lehigh  valley.  As  it  is,  however,  but  10  feet 
thick  at  best  in  the  valleys,  it  may  be  impossible  to  do  this  in  a  satisfactory  manner. 
This  preliminary  notice  is  to  call  attention  to  the  fact  that  the  area  of  direct  glacia- 
tion  is  extended  22  miles  to  the  southward  of  the  great  moraine— this  is,  about  the 
distance  of  the  Pattenburg,  New  Jersey,  deposits  from  the  same— and  that  a  line 
through  the  New  Jersey  places  extended  to  the  points  studied  would  be  parallel  to 
the  great  moraine.  As  the  Saucon  is  a  closed  valley  to  the  south,  it  is  proposeil  to 
see  if  any  evidences  are  left  of  beaches  in  the  small  lake  formed  when  the  ice  shut 
up  the  northern  opening.  This  will  require  a  more  careful  survey  than  has  thus 
far  IxH'n  attempted. 

Finally,  there  has  lxH?n  found  a  paU^h  of  Potsdam  on  the  mountain  back  of 
Seidersville,  exten<ling  from  a  |>oint  about  150  feet  east  of  the  road  to  Bethlehem 
for  a  quarter  of  a  mile  eastward  and  at  a  height  of  MO  feet  above  tide.  This  sh(»w.s 
that  the  outcrop,  as  marked  on  the  map,  nuist  be  revised. 

Since  writing  the  above  it  has  been  possible  to  put  a  few  more  days  upon  the 
field  to  settle  the  following  points  : 

1.  When  the  ice  crossed  the  range  on  the  road  from  Bethlehem  to  Emaus  it 
removed  the  old  soil  and  the  undecomix>sed  gneiss  is  now  within  a  few  inches  of 
the  surface.  The  covering  seems  to  be  foreign,  as  a  few  flakes  of  quartzite  were 
found  in  it.  The  lower  flanks  of  the  same  spur  at  the  new  South  Bethlehem  reser- 
voirs show  over  20  feet  of  decomposed  gneiss. 
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2.  A  tongae  of  the  glacier  went  over  the  Triassic  hill  south  of  Leithaville  (how 
fUr  over  is  not  known)  at  an  elevation  of  980  feet  above  tide.  This  tongue  came 
through  the  gap  made  by  the  opening  of  the  Saucon  valley  into  the  Lehigh  valley 
and  crossed  transversely  the  Saucon-Durham  divide. 

3.  There  are  at  least  15  feet  of  glacial  gravel  on  the  Lehigh-Schuylkill  divide  at 
Topton,  Pennsylvania,  at  490  feet  above  tide.  This  gives  the  origin  of  all  glaciated 
matter  in  the  Schuylkill  valley  in  the  Lehigh  region. 

4.  A  section  at  West  Bethlehem  gives  at  least  12  feet  of  red  clay  with  bowlders 
(called  provisionally  "  bowlder-clay  " ).  This  exists  universally  to  the  north  of  the 
South  Mountain  range,  near  Bethlehem,  below  a  level  of  440  feet  above  tide.  It 
may  have  been  deposited  higher,  but  the  red  clay  from  decomposed  gneiss  is  so 
similar  in  color  that  the  two  can  be  distinguished  only  by  the  foreign  stones,  and 
these  aie  not  always  present.  Under  this  clay  come  at  least  22  feet  of  sandy 
gravel  ("plunge  and  flow"  structure),  which  rest  on  the  scraped  surface  of  the 
limestone.  The  sequence  is :  (a)  glacial  erosion ;  (6;  deposit  of  gravel :  (c)  deposit 
of  bowlder-clay.  South  of  the  mountain  in  the  Saucon  valley  we  do  not  find  the 
bowlder-clay.  This  shows  no  flow  up  and  through  that  valley  when  the  clay  was 
forming  to  the  north. 

5.  The  moraine-6tu£f  consists  of  local  angular  fragments,  much  decomposed  and 
oxidized,  mixed  with  water-worn  and  sometimes  striated  foreign  rock  (trap, 
Oneida,  Medina,  Clinton,  Oriskany,  etc.),  with  polished  surface ;  oxidation  extend- 
ing from  a  few  lines  to  one-half  inch  from  the  surface,  while  the  interior  is  gen- 
erally freeli,  except  where  the  specimen  is  highly  porous.  This  represents  old 
local  surface  material  that  has  been  scraped  and  pushed  ahead,  mixed  with  recent 
foreign  material  taken  from  a  river  bed.  As  the  glacier  crossed  the  Lehigh  at 
nearly  a  right  angle  at  Bethlehem,  and  as  the  head- waters  of  that  stream  were 
^nerally  free  from  ice,  we  can  see  that  the  portion  of  the  river  that  esca{)ed  sub- 
glacially  left  its  rocks,  gravel  and  sands  to  be  caught  by  the  glacier  and  carried 
upon  and  over  the  mountains.  Sandy  and  gravelly  till  is  found  at  all  elevations  up 
to  980  feet  above  tide,  and  of  all  depths  up  to  30  feet. 

V}.  From  Allentown  to  Easton  the  glacier  retreated  doiim  the  Tjehigh  valley.  The 
plunge  and  flow  gravels  were  probably  deposited  as  the  river  made  its  subglacial 
plunge,  and  the  bowlder-clays  when  the  river  was  dammed  by  the  choking  of  its 
rabglacial  channel.  A  lake  would  be  formed  of  the  Lehigh  valley,  with  slight 
drainage  subglacially,  but  with  its  main  outlet  over  the  Lehigh-Schuylkill  divide, 
which  is  now  covered  with  glaciated  material  to  a  considerable  depth.  This 
divide  is  about  four  miles  wide  at  the  500-foot  contour  line. 

The  conclusions  from  the  above  are : 

1.  That  the  general  parallelism  between  the  extreme  line  of  glaciation  and  that 
of  the  great  moraine  indicates  an  impetus  from  a  common  center. 

2.  That  the  exposed  gneiss  on  the  mountain-top  and  fresh  nature  of  the  foreign 
material  shows  a  recent  date  to  that  impetus. 

3.  That  coming  from  a  common  origin  and  by  a  recent  impetus,  we  are  justified 
in  calling  the  recently  found  evidence  a  "  fringe"  of  the  great  moraine  which  was 
formed  at  the  retreat  of  the  same  glacier  that  caused  the  **  fringe." 

4.  That  until  the  ice  liad  retreated  north  of  the  mouth  of  the  Lehigh  there  was 
an  extensive  discharge  into  the  Schuylkill  valley.* 

•tk»«  Rmpe  io  Report  of  Progress,  D3,  Atlas  to  vols.  1  and  2,  Second  Geological  Survey  of  Penn- 
lylranU. 
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pretations  than  Professor  Salisbury  in  seeking  to  lay  down  a  definite  boundary  for 
this  earlier  drift. 

The  author  does  not,  indeed,  recognize,  with  Professor  Salisbury  and  others, 
the  full  import  of  the  evidence  of  diversity  in  age  of  the  two  drifts,  but  his  excel- 
lent description  of  the  phenomena  clearly  indicates  the  topographic  distinction 
between  the  areas  of  older  and  newer  drift,  and  show  tliat  the  former  must  have 
been  much  lon^r  subjected  to  erosion  than  the  latter. 

It  seems  to  me  that  one  of  Professor  Wright's  inferences  is  open  to  grave  ques- 
tion. He  argues,  from  the  local  origin  of  the  materials  of  the  older  drift,  that  the 
ice-sheet  by  which  it  was  deposited  was  thin  and  feeble.  Now,  there  seem  to  be 
good  reasons  for  holding  that  a  thin  and  feebly  acting  ice-sheet  would  not  attack 
the  local  surface  with  sufficient  energy  to  produce  abundant  local  debris,  and  this 
view  is  in  accord  with  the  glacial  phenomena  of  the  Mississippi  basin,  where,  in 
the  region  in  which  the  ice-sheet  is  known  to  have  been  thin  and  of  moderate 
activity,  the  drift  is  predominantly  erratic,  sometimes  indeed  containing  very  little 
local  material. 

These  are  questions,  however,  of  minor  importance ;  the  highly  gratifying  fact 
remains  that  Professor  Wright's  conclusions  are  in  substantial  accord  with  the 
work  of  other  geologists  in  the  same  region  and  in  other  parts  of  the  United  States. 


Session  of  Tuesday  Evening,  August  15 

The  Society  was  called  to  order  at  8  p  m,  in  the  Assembly  Chamber  of 
the  Capitol,  and  a  lecture  illustrated  by  lantern  views  was  delivered  on — 

THE  GRAVELS  OF  GLACIER   BAY,   ALASKA 
BY  HARRY  FIELDING  RBID 


Session  of  Wednesday  Morning,  August  16 

Vice-President  Chamberlin  called  the  Society  to  order  at  9  o'clock, 
and  announced  the  titles  of  three  papers  which  had  been  handed  in 
since  the  printing  of  the  program. 

The  Secretary  read  a  communication  from  Mr  G.  K.  Gilbert,  giving 
reasons  for  a  proposed  change  in  the  constitution  which  would  permit 
the  election  of  active  Fellows  outside  of  North  America.  The  Secretary 
announced  and  commented  upon  other  changes  in  the  constitution  and 
the  by-laws  which  would  be  submitted,  with  the  recommendation  of  the 
Council,  to  the  Society  for  action  at  the  winter  meeting. 

A  letter  was  read  from  Professor  G.  H.  Williams,  inviting  the  Society 
to  meet  in  Baltimore  for  its  winter  meeting  of  1894. 

The  reading  of  scientific  papers  was  declared  in  order;  Vice-President 
Stevenson  being  called  to  the  chair. 
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The  first  paper  read  was — 

TERRESTRIAL  SUBMERGENCE  SOUTHEAST  OF  THE  AMERICAN  CONTINENT 

BY  J.   W.    SPENCSR 

lAhdracf] 

Only  an  abstract  of  the  paper  is  offered  to  the  Society  for  publication,  as  the 
author  propoees  further  investigations  before  writing  on  several  questions  closely 
related  to  the  principal  phenomena  bearing  upon  the  problem.  This  paper  is  a 
i^cquel  to  **High  Continental  Elevation  preceding  the  Pleistocene  Period,"  read 
before  the. Society  August,  1889.  At  that  time,  epeirogenic  movements  of  3,000 
feet  seemed  the  limit  of  acceptability,  although  terrestrial  elevation  of  probably 
short  duration  was  shown  to  have  reached  from  4,500  to  6,000  feet  along  the  conti- 
nental mar^ns,  off  the  gulfs  of  Saint  Lawrence  and  Maine  and  the  mouth  of  the 
Mississippi  river. 

Recent  studies  of  the  valleys  among  the  southern  Appalachian  mountains,  of  the 
adjacent  Paleozoic  table-lands,  and  of  the  Cretaceous  and  Tertiary  plains  of  the  south- 
eastern states  have  convinced  the  author  that  the  valleys,  whether  narrow  or  a  score 
of  miles  or  more  in  width,  have  been  directly  produced  by  atmospheric  agents  and 
by  the  erosion  of  a  multiplicity  of  streams  operating  during  the  long  periods  neces- 
sary for  the  decomposition  and  removal  of  limestones.  Some  idea  of  the  length  of 
these  periods  is  obtained  when  we  find  that  from  100  to  200  feet  of  residual  sandy 
clays  have  been  left  after  the  removal  of  the  calcareous  matter  from  the  impure 
limestones.  These  southern  valleys  are  independent  of  the  mountain  movements, 
in  so  far  that  they  are  not  troughs  of  folds  but  anticlinal  valleys.  Even  at  the  water- 
sheds between  streams  flowing  in  opposite  directions,  the  width  and  depth  of  the 
valleys  are  as  often  great  as  that  between  Lookout  and  Wills  creeks  or  those  along 
the  Coosa  and  Tennessee  rivers,  where  they  are  from  4  to  20  miles  wide. 

The  valleys  and  channels  among  the  greater  Antilles  and  between  them  and  the 
continent  are  an  exact  reproduction  of  the  land  valleys  of  the  south.  On  a  larger 
scale,  the  Laurentian  valley,  holding  the  Great  Lakes,  is  another  example,  but  this 
has  been  recently  obstructed  by  the  tilting  of  the  earth's  crust  toward  the  north 
and  east — the  warping  movement  increasing  from  zero  to  two,  four,  six  and  prob- 
ably even  ten  feet  j)er  mile.  From  the  close  analogy  cited,  the  author  concludes  that 
both  the  land  and  the  submerged  Antillean  valleys  were  of  common  subaerial  origin. 

Of  the8ubmeiige<l  valleys  and  channels  there  are  two  classes — those  cutting  across 
the  continental  shelf  and  others  parallel  to  the  mountain  ridges.  Of  the  former 
class,  the  Qord  of  the  Mississippi  river  reaches  to  4,500  feet  in  the  upper  platform 
and  in  the  lower  shelf  to  a  depth  of  8,000  feet.  Cochinos  bay,  south  of  Cuba,  is 
one  of  the  most  remarkable  fjords,  being  3,738  feet  deep  near  the  head  of  the  bay 
and  increasing  in  depth  to  11,400  feet,  with  land  on  one  side  and  shallow  water  on 
the  other.  The  Yucatan  Qord,  entirely  submerged,  increases  from  a  depth  of  4,500 
feet  to  10,000  feet.  The  Bahaman  Qord  on  the  Atlantic  margin  of  the  continent  is 
12,000  feet  deep.  Scores  of  other  examples  can  be  cited,  as  in  Jamaica,  Haiti, 
adjacent  to  the  Virgin  islands,  etc.     (See  accompanying  map.) 

Of  the  valleys  parallel  with  the  trend  of  the  islands,  there  may  be  cited  the 
Haitian  channel,  more  than  500  miles  long  and  reaching  to  a  depth  of  14,000  feet. 
Another  example  is  seen  in  the  channels  between  Haiti  and  Cuba,  which  descend 
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until,  as  in  the  case  of  Bartlett  deep,  south  of  Cuba,  the  extreme  depth  of  over 
20,000  feet  is  reached.    All  of  these  valleys  are  joined  by  numerous  tributaries. 

Such  channels  as  the  straits  of  Florida  are  only  the  junctions  of  valleys  trending 
in  opposite  directions,  even  the  common  watershed  of  which  is  submerged.  While 
the  author  regards  all  of  these  submei*gred  valleys  as  originally  ten^estrial,  yet  he 
accedes  to  any  hypothesis  that  may  call  for  their  enlargement  by  marine  current:*, 
which,  however,  do  not  appear  to  be  scouring  agents  below  the  rims  of  the  sub- 
merged basins ;  as,  for  example,  the  valley  extensions  of  the  Floridian  straits, 
below  the  depth  of  water  in  its  shallowest  portions  (about  2,000  feet),  which  have 
not  been  materially  affected  by  the  marine  currents.  This  hypothesis  is  supported 
by  temperature  soundings. 

The  submergence  indicated  by  the  channels  means  great  epeirogenic  or  extensive 
continental  land-movements.  The  oldest  formations  of  Cuba,  Haiti,  Trinidad, 
Barbados,  etc,  appear  to  be  no  older  than  tlie  Cretaceous  period.  The  oldest  sedi- 
ments are  shales,  sandstones  and  conglomerates  (even  at  the  base  of  the  group  in 
Santo  Domingo)  showing  former  continental  connections,  which  would  demand  the 
enormous  changes  of  level  at  an  earlier  period  than  that  of  which  this  paper  treats. 
With  this  connection  or  the  mountain-building  of  the  early  Tertiary,  or  even  that 
after  the  Miocene  period,  the  author  is  not  concerned,  but  with  those  quieter  ex- 
tensive regional  or  epeirogenic  movements  which  have  slowly  submerged  great 
areas  without  obliterating  the  former  land  topography.  The  time  of  greates>t 
land  development  was  probably  after  the  Pliocene  period,  if,  according  to  McGee, 
we  regard  the  Lafeyette  formation  of  that  age.  Into  the  discussion  of  the  exact 
age,  however,  we  cannot  enter  until  further  investigation.  For  the  present,  let 
us  say  that  this  great  continental  extension  was  since  the  later  Tertiary  times  and 
was  followed  by  movements  in  both  directions,  for  modern  deposits  have  been 
lifted  to  considerable  elevations  on  the  islands.  This  late  continental  elevation  is 
not  disproved  by  biologic  evidence,  but  rather  sustained.  The  drainage  of  this 
extensive  land  area  was  largely  into  the  Pacific,  or  its  embayments  extending  across 
portions  of  Central  America  and  Mexico  and  indenting  the  western  coast  of  the 
Antillean  lands.  The  watershed  between  the  Atlantic  and  Pacific  drainage  is  still 
represented  by  the  mountains  of  Cuba,  Haiti  and  the  Windward  islands.  They 
are  situated  near  the  Atlantic  border  of  the  continent,  just  as  are  the  Appalachians 
of  the  southern  states. 

The  closing  of  the  western  drainage  involves  recent  tilting  or  regional  uplifts 
forming  the  western  rims  of  the  Mexican  and  Caribbean  basins.  Similar  move- 
ments have  been  demonstrated  by  the  author  in  connection  with  the  barriers  of 
the  Laurentian  valley  now  prcxlucing  the  Great  Lakes,  which  have  been  obstructetl 
by  the  land  rising  along  an  axis  transverse  to  that  of  the  outlet  of  the  old  valley. 

What  has  been  the  recent  mean  depression  of  the  Antillean  continental  exten- 
sion? Fmm  the  depths  of  the  fjords  cutting  through  the  continental  plateau  a 
subsidence  of  from  8,000  to  12,000  or  possibly  14,000  feet  is  appartuit ;  but  pn>l)aMy 
this  epeirogenic  movement  was  not  originally  uniform,  or,  if  so,  it  has  been  i>artly 
deformed  by  more  recent  movements,  so  that  the  author  regards  the  20,000-fcK)t 
abyss  (Bartlett  deep),  just  south  of  Cuba,  and  even  part  of  the  Haitian  channel 
north  of  that  island,  as  partly  due  to  a  downward  local  warping  of  the  deei)er 
portions  of  the  valleys.  In  the  case  of  the  Bartlett  deep  a  basin  has  been  produced. 
This  great  continental  depression  diminished  to  the  north,  so  that  the  .southern 
states  have  only  been  partly  submerged.  The  present  elevation  of  Central  America 
represents  complex  movements. 
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A  consideration  of  the  continental  elevation  and  its  effect  on  the  erosion  of  the 
valleys ;  the  differential  depression  of  the  land  which  followed  the  elevation ;  the 
different  epochs  of  variable  movement ;  the  biolog:ic  evidence  noted,  and  other 
queistions  are  portions  of  the  study  an  advance  notice  of  which  is  here  recorded- 
To  Messrs  Jukes-Brown  and  Harrison,  whose  discoveries  of  oceanic  deposits  in 
lUrbados  were  accepted  by  themselves  and  others  as  evidence  of  an  upward  move- 
ment of  2,000  fiithoms  and  more,  the  author  owes  much  encouragement  in  ventur- 
injf,  without  precedence  in  this  country,  to  bring  before  this  Society  evidence  of 
ei>oirogenic  movements  (apart  from  orogenio  in  very  recent  geologic  times,  amount- 
ing to  two  and  a  half  miles  of  vertical  subsidence  of  great  land  areas,  thus  proving 
the  mobility  of  the  earth's  crust,  although  no  explanation  can  be  suggested  at 
present  to  account  for  such  stupendous  movements. 

Remarks  upon  this  paper  were  made  as  follows : 

W.  P.  Blake: 

The  extremely  interesting  paper  of  Mr.  Spencer  gives  me  an  opportunity  to 
mention  some  unpublished  observations  which  are  pertinent  to  the  subject.  In 
following  the  footsteps  of  Olumbus  in  the  island  of  Santo  Domingo,  I  crossed  the 
line  of  what  appeared  to  be  a  remnant  of  an  ancient  marginal  corralline  limestone 
reef  at  an  altitude  of  about  2,000  feet  above  the  sea.  There  was  no  opportunity 
for  extended  examination,  but  it  greatly  resembled  the  corralline  limestone  terrace 
of  post-Pliocene  or  modern  age  which  borders  this  and  some  of  the  other  West 
India  islands  at  the  sea-level  or  a  little  above  it.  The  occurrence  was  so  startling 
in  its  evidence  of  a  recent  elevation  of  the  island  as  to  cause  me  to  refrain  from 
accepting  its  full  significance ;  but  in  the  light  of  further  evidence  I  am  now  in- 
clined to  accept  it  as  proof  of  a  modern  uplift  and,  of  course,  a  former  depression, 
thus  showing  an  oscillatory  movement. 

The  maiiginal  limestone,  as  is  well  known,  is  but  little  raised  above  the  sea-level, 
and  has  long  been  exposed  to  aerial  decomposition,  by  which  it  has  become  covered 
with  a  thick  red  soil. 

W  J  McGee: 

Both  the  author  and  the  Society  are  to  be  congratulated  on  a  paper  of  this  char- 
acter, dealing  as  it  does  with  the  outlying  phenomena  of  our  continent,  by  which 
alone  its  relations  to  other  lands  may  be  traced.  It  has  long  been  recognized  that 
the  great  system  of  islands  lying  off  the  Florida  coast  simulate  the  peaks  and 
crests  of  a  mountainous  land,  and  it  has  been  inferred  by  different  geologists  that 
the  apparent  condition  is  the  real  one,  and  that  these  islands  are  the  monuments 
of  a  drowned  continent.  This  inference  is  greatly  strengthened  by  Doctor  Spen- 
cer's recognition  of  rain-fashioned  slopes  and  river-carved  valleys  in  the  deeps 
U^ween  the  island-tipped  mountains.  Hitherto  the  profound  crustal  movement 
indicated  by  these  phenomena  has  not  been  correlated  with  the  lesser  crustal 
iTKivements  of  the  North  American  mainland,  and  Doctor  Spencer^s  provisional 
correlations  are  accordingly  of  exceptional  interest  and  value. 

While,  as  the  author  has  shown,  the  general  configuration  of  the  island  region 
pn^fsests  geologic  youth,  there  ap|x>ar8  to  be  some  reasons  for  questioning  whether 
the  profounder  movements  were  not  considerably  more  remote.  Inspection  of  the 
ivlief  map  giving  submarine  configuration  shows  that  the  Bahamas  and  neighbor- 
ing islands  are  bordered  by  submarine  terraces,  or,  perhaps  more  properly,  flanked 
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by  a  broad,  submerged  plain  surrounding  them  and  their  neighbors  and  merging 
with  the  submarine  plain  flanking  the  Atlantic  and  Gulf  coasts  of  the  mainland : 
and  tlie  plain  circumscribing  the  islands  is  nearly  as  broad  and  continuous  as  that 
skirting  the  continent.  Thus  the  submarine  configuration  would  seem  to  connect 
and  bind  into  unity  the  island-continent  and  the  mainland.  Now  the  age  of  the 
portion  of  this  plain  skirting  the  mainland  is  known,  and  it  is  significant  that  the 
plain  does  not  represent  a  single  episode  or  period,  but  has  been  in  continuous 
process  of  accumulation  since  the  beginning  of  the  Cretaceous,  if  not  the  end  oi 
the  Triassic ;  and  it  may  accordingly  be  questioned  whether  the  submarine  shelf 
circumscribing  the  islands  does  not  indicate  equal  antiquity,  the  somewhat  greater 
width  of  the  shelf  along  the  American  shore  being  counterbalanced  by  the  greater 
width  of  tributary  land  area.  This  would  carry  the  profound  movement  of  the 
Bahaman  region  back  to  a  period  of  profound  movement  in  the  mainland,  indeed 
to  the  birthdate  of  our  southeastern  province  and  the  drowning  of  the  older  land 
whence  the  Appalachian  sediments  came. 

Warren  Upham : 

Concerning  the  time  of  erosion  of  the  submarine  valleys  on  our  Atlantic  coastal 
slope,  it  is  especially  noteworthy  that  they  are  cut  in  a  descending  plain  of  Tertiary 
and  underlying  Cretaceous  beds ;  and  the  same  condition  is  also  known,  by  Mr  J. 
Y.  Buchanan's  description,  for  the  Congo  valley  or  canyon  cut  in  the  submerged 
Tertiary  border  slope  of  the  African  continental  plateau.  In  both  regions  the  hi>j:h 
epeirogenic  uplift  and  accompanying  stream  erosion  were  evidently  of  late  Tertiary 
and  Quaternary  age.  If  any  long  time  had  passed  since  the  subsidence  of  the 
African  continent,  the  muddy  Congo  waters  must  have  filled  both  the  very  deep 
lower  part  of  that  river  and  the  continuation  of  ite  valley  offshore.  Such  great 
crustal  oscillations  in  high  latitudes,  lifting  the  lands  now  overspread  by  the  glacial 
drift,  seem  to  me  to  hav^  been  probably  the  chief  cause  of  the  accumulation  of 
their  ice-sheets. 

CD.  Walcott: 

The  sediments  deposited  in  the  Appalachian  sea  during  earlier  Paleozoic  time 
were  largely  derived  from  an  elevated  land  area  to  the  eastward,  and  it  is  probable 
that  this  area  furnished  sediments  thn)ughout  Paleozoic  time  and  was  several  times 
eroded  to  base-level  and  in  turn  elevated  to  supply  additional  mechanical  sedi- 
ments to  the  Appalachian  sea.  The  extent  of  this  elevation  is  unknown,  but  it 
must  have  been  considerable.  When  the  final  depression  of  the  Atlantic  coast 
area  took  place,  it  api^eiirs  to  have  been  largely  on  the  line  of  the  fault  forming  the 
"  fall-line"  between  the  CoastUil  plain  and  the  Piedmont  plateau  region. 

While  it  is  evident  that  tliere  has  been  a  moat  extensive  elevation  of  the  south- 
eastern portion  of  the  continent,  there  is  no  proof  that  the  continent  as  a  whole 
has  ever  been  eorresi)ondingly  depres.se(l  beneiitli  the  ocean's  water.  Nowhere  on 
the  surfac^e  of  the  continent  have  deposits  characteristic  of  the  deep  sea  bi»en  dis- 
cr)vered.  On  the  contrary,  all  of  the  sedimentary  rocks  were  deposited  in  interior 
or  marginal  seas  within  the  limits  of  the  continental  plateau;  also  it  is  not  in  evi- 
dencTe  that  the  relative  position  of  the  deep  sea  and  the  continental  plateau  has 
changed  since  Algonkian  time. 

Mr  Spencer's  contribution  to  the  subject  of  the  epeirogenic  movements  of  the 
continent  is  a  most  interesting  and  valuable  one,  and  I  shall  look  forward  with 
great  interest  to  the  publication  of  his  memoir. 
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The  following  paper  was  then  read  : 

EVIDENCES   OF  THE   DERIVATION  OF  THE   KAMES,  ESKERS  AND   MORAINES  OP 
THE  NORTH  AMERICAN  ICE-SHEET  CHIEFLY  FROM  ITS  ENGLACIAL  DRIFT 

BY   WARREN   UPHAM 

This  paper  is  printed  in  succeeding  pages  oY  this  volume,  and  the 
discussion  by  T.  C.  Charaberlin,  Frank  I^everett  and  H.  F.  Reid  accom- 
panies it. 

The  Acting  President  made  some  announcements  and  declared  the 
meeting  adjourned  for  the  noon  recess. 


Session  of  Wednesday  Afternoon,  August  16 

Vice-President  Stevenson  in  the  chair.  Meeting  called  to  order  at  2 
o'clock. 

The  Editor,  Mr  J.  Stanley-Brown,  stated  that  the  undistributed  bro- 
chures of  volume  4  were  printed  and  ready  for  mailing,  except  the  pro- 
ceedings of  the  Ottawa  meeting  which  were  in  print  and  nearly  ready 
for  the  members. 

Upon  motion  of  Professor  I.  C.  Russell,  it  was  voted  that  the  special 
committee  on  the  communication  from  the  Alpine  Club  be  increased  by 
adding  to  the  committee  H.  F.  Reid  and  R.  D.  Salisbury. 

It  was  moved  by  Professor  I.  C.  Russell,  and  voted,  that  a  committee 
of  three  be  appointed  to  take  into  consideration  the  matter  of  making 
the  Mount  Ranier  Pacific  Forest  Reserve  a  national  reserve,  and  the 
committee  was  given  power  to  memorialize  Congress,  or  take  other 
measures  as  they  deemed  advisable.  The  following  Fellows  were  elected 
as  such  committee:  David  T.  Day,  S.  F.  Emmons  and  Bailey  Willis. 

The  first  paper  of  the  afternoon  session  was  entitled : 

THE    succession    of    PLEISTOCENE    FORMATIONS    IN    THE    MISSISSIPPI    AND 

NEI^ON   river   BASINS 

BY  WARREN  UPHAH 

This  paper  is  printed  in  the  succeeding  pages  of  this  volume,  and  the 
discussion  by  W  J  McGee,  J.  W.  Spencer,  R.  D.  Salisbury  and  T,  C. 
Chamberlin  accompanies  it. 
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Vice-President  Chamberlin  assumed  the  chair,  and  the  next  paper  wad : 

CENOZOIC   HISTORY  OP  EASTERN   VIRGINIA   AND   MARYLAND 
BY  N.    H.   DARTON 

This  paper  was  not  oflfered  for  publication.  Remarks  upon  it  were 
made  by  W  J  McGee,  J.  A.  Holmes  and  R.  D.  Salisbury  as  follows : 

Mr  McGee : 

Mr  Barton's  paper  is  an  important  contribution  to  knowledge  of  coastal  plain 
geology.  Despite  the  presumptive  unity  of  the  Columbia  formation,  certain  diver- 
sities have  been  recognized  since  it  was  first  discriminated,  and  in  the  original  de- 
scription two  phases,  designated  respectively  the  "  fluvial "  phase  and  the  "  inter- 
fluvial"  phase,  were  characterized.  It  has  long  been  recognized,  too,  that  the 
topographic  configuration  of  the  phases  is  dissimilar,  the  high-level  or  interfluvial 
phase  displaying  topographic  adolescence  or  maturity,  while  the  low-level  or  fluvial 
phase  is  so  nearly  free  from  subaerial  structure  as  to  stand  for  topographic  youth. 
This  diversity  was  tentatively  and  hypothetically  explained  as  the  result  of  unequal 
altitude  above  base-level ;  but,  in  view  of  the  recent  observations,  the  tentative 
explanation  seems  less  probable  than  before.  Perhaps  the  most  significant  of  Mr 
Darton's  conclusions  is  that  relating  to  the  inequality  in  coastal  warping  during 
the  respective  periods  of  depression  which  he  has  described.  This  may  perhaps 
be  regarded  as  the  most  nearly  conclusive  line  of  evidence  of  genetic  bipartition  of 
the  Columbia  formation. 

Should  Mr  Darton's  tentative  division  of  the  Columbia  formation  be  8upi>orted 
by  later  work  in  other  portions  of  the  Coastal  plain,  especially  in  New  Jersey,  it 
will  of  course  become  necessary  to  modify  the  original  nomenclature,  perhaps  by 
retaining  the  old  name  for  one  division  and  applying  a  new  term  to  the  other, 
possibly  by  abandoning  the  term  Columbia  and  giving  distinctive  names  to  the 
different  deposits.  This  is,  however,  a  matter  for  the  future ;  the  application  of 
the  name  Columbia  served  as  a  milestone  marking  progress  in  geologic  research  in 
the  Coastal  plain ;  but  when  the  important  vicissitudes  in  continental  evolution 
for  which  it  stood  are  generally  recognized  and  come  to  be  more  clearly  pictured, 
perhaps  the  occasion  for  preserving  the  monument  will  disappear. 

Professor  Salisbury : 

I  am  interested  to  observe  the  twofold  divisions  of  the  Columbia  formation, 
which  Mr  Darton  has  clearly  brought  out.  I  am  glad  to  say,  also,  that  north  of 
Mr  Darton's  territory,  in  New  Jersey,  a  twofold  division  of  the  Columbia  seems 
to  exist.  These  divisions  will  i)erhaps  be  found  to  correspond  to  his  *'  high-level " 
and  "low-level"  phases.  I  think  it  may  prove  to  be  necessary  to  separate  these 
two  divisions  of  the  Columbia,  and  to  as.sign  to  one  portion  a  new  name,  though 
we  perhaps  know  too  little  of  their  genetic  and  chronologic  relations  to  make 
this  subdivision  advisable  at  present.  Evidence  is  accumulating  in  New  Jersey 
which  seems  to  point  to  the  separation  of  the  later  from  the  earlier  Columbia  by  a 
considerable  time-interval,  accompanied  by  considerable  orographic  movements- 
This  statement  is  made  on  the  supposition  that  the  reference  of  beds  to  the  Co. 
lumbia  has  l>een  correct.  I  am  sure  we  have  not  made  this  formation  include 
more  than  has  been  included  in  it  further  south. 
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The  following  paper  was  presented  informally : 

THE  GEOLOGICAL  EXHIBITS  AT  THE  WORLD's  COLUMBIAN  EXPOSITION 

BY  G.   H.  WILLIAMS 

Vice-President  Chamberlin  announced  the  purpose  and  proposed  pro- 
gram of  the  World's  Congress  of  Geology  to  be  held  in  Chicago  August 
21-26. 

The  following  paper  was  then  read  : 

WISCONSIN  LEAD  AND  ZINC  DEPOSITS 
BY  WILLIAM  P.   BLAKE 

C(mtent8 
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Introduction. 

In  a  critical  review  of  the  progress  of  geologic  work  in  Wisconsin,  which  I  had 
the  honor  to  present  last  winter  to  the  Wisconsin  Academy  of  Sciences,  after  giv- 
ing in  detail  the  views  of  Percival,  Whitney  and  Chamberlin  upon  the  existence  of 
faults  and  dislocations  of  the  strata,  I  stated  my  conviction  that  faults  or  disloca- 
tions do  exist,  and  that  they  have  a  direct  though  perhaps  obscure  relation  to  the 
localization  of  the  mineral  deposits.  It  was  then  and  is  now  my  purpose  to  main- 
tain that  Percivars  original  observations  and  explanations  of  the  cause  of  the  well- 
known  irregularities  in  the  position  of  the  strata  were  correct,  and  that  the  true 
jiath  leading  to  the  solution  of  the  problem  of  the  origin  of  the  zinc  and  lead  de- 
posits of  the  Mississippi  valley  lies  in  the  direction  indicated  by  that  gifted  man 
rather  than  in  the  path  marked  out  by  later  observers  in  the  same  field. 

Review  of  becent  and  former  Investigations. 

The  subject,  which  has  spe9ial  interest  to  the  region  in  which  we  meet,  derives 
a^lditional  interest  and  importance  at  this  time  from  the  attention  it  is  receiving 
from  others.  A  memoir  upon  the  subject  has  just  been  presented  to  the  American 
Institute  of  Mining  Engineers  by  Professor  W.  P.  Jenney,*  and  was  under  discus- 
non  in  one  of  the  sessions  of  the  Engineering  Congress  by  Arthur  Winslow,  state 

*The  Lead  and  Zino  Deposits  of  the  Mississippi  Valley,  by  Walter  P.  Jenney :  Trans.  Am.  Inst. 
Mining  Engineers,  August,  1893,  p.  65. 

IV— Bull.  Osol.  Soc.  Am.,  Vol.  fi,  1893. 
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geologist  of  Missouri,  Professor  Raymond  and  the  writer.  Professor  Jenney  fin«L* 
that  not  only  the  Wisconsin  zinc  and  lead-bearing  strata,  but  also  those  of  Joplin, 
Missouri,  and  its  vicinity,  are  extensively  faulted  and  broken,  and  that  these  faults 
and  breaks  following  or  related  to  the  main  axes  of  uplift  have  determined  the 
position  of  the  metalliferous  deposits.  He  further  claims  that  the  metallic  depcN?it£ 
are  formed  by  ascending  solutions,  and  that  in  their  origin  and  formation  they  are 
no  exception  to  the  general  phenomena  of  mineral  veins.  This  may  be  said  to  l:>e 
a  complete  reversion  to  the  original  view  of  Percival  and  to  the  then  generally 
prevalent  idea  of  the  deep-seated  plutonic  origin  of  the  ores  of  metals. 

While  in  accord  with  Percival  and  with  Jenney  upon  the  existence  of  faults  and 
dislocations  in  both  Wisconsin  and  Missouri,  I  am  not  prepared  to  accept  their 
views  of  the  origin  of  the  ores,  my  own  observations  confirming,  in  general,  thcj«e 
of  Whitney  and  of  Chamberlin  and  his  associates  upon  the  last  survey  of  Wis- 
consin, and  inclining  me  to  the  theory  of  the  original  distribution  of  the  sulphides 
of  lead  and  of  zinc  in  the  substance  of  the  limestone  and  dolomites  at  the  time  of 
their  deposition  and  the  subsequent  concentration  of  these  sulphides  in  the  fissure?? 
of  the  rocks  by  lateral  and  downward  flow  of  solutions  of  the  metals  rather  than 
by  the  ascent  of  such  solutions  from  lower  strata. 

An  objection  to  Percival' s  views  of  a  connection  between  the  faults  and  the 
mineral  deposits  is  found  by  Professor  Chamberlin  in  the  fact,  so  claimed,  that 
the  faults  specifically  mentioned  by  Percival  are  not  contiguous  to  mineral  deposits. 
If  this  is  indeed  so,  it  shows  only  that  faulting  is  not  necessarily  in  all  cases  accom- 
panied by  mineralization.  It  has  yet  to  be  shown  that  the  mineralized  areas  are 
not  upon  or  contiguous  to  lines  of  feulting  or  dislocation,  and  that  they  are  so  con- 
tiguous I  shall  endeavor  to  show  in  this  paper. 

Professor  Chamberlin*  thinks  it  not  a  little  strange  that,  though  Percival  seems 
to  have  believed  that  the  centers  of  elevation,  which  I  understand  to  mean  rather 
lines  of  disturbance  and  of  break,  were  indices  of  agencies  influential  in  the  dejK>- 
sition  of  the  ores,  he  should  not  have  observed  that  none  of  them  are  centers  of 
ore-deposits.  He  thinks  Doctor  Percival's  observations  do  not  show  close  connec- 
tion or  clear  relation  between  elevations  and  ore-deposits,  but  rather  the  contrary. 

Professor  Chamberlin  admits  the  existence  of  disturbed  or  flexed  strata  in  the 
lead  region.  He  calls  them  "local  flexures,"  and  refers  them  to  unevenness  in 
the  original  deposition  of  the  strata,  and  does  not  find  the  deposits  of  ore  to  be 
coincident  in  place  with  the  convexities  of  the  beds  and  rocks,  but  does  find  the 
ore-dejwsits  in  the  depressed  areas.  He  asks  **but  if  the  dei>osits  are  not  upon 
the  swells  of  the  strata  are  they  in  the  sags?"  f  and  answers  this  by  citing  an  in- 
stance of  such  an  occurrence  at  Dutch  Hollow,  where  the  mineral  ranges  lie  witliin 
a  trough  or  syncline  the  flanks  of  which  have  a  dip  of  15°.  The  rock  in  the  axis 
is  brecciated  and  the  ores  deposited  in  the  brecciated  mass  form  a  true  stockwork. 
Professor  Chamberlinf  cites  this  as  a  **  marked  instance  of  productiveness  along 
an  axis  of  depression,  and  of  barrenness  along  that  of  elevation." 

A  notable  arching  of  the  beds  is  noted  as  lying  south  of  the  Potosi  district,  and 
the  conclusion  is  stated  that  the  Potosi  diggings  lie  in  a  stratigraphic  basin.  The 
Trenton  limestone  seems  to  thin  out  and  the  Saint  Peter's  sandstone  rises  rapidly, 
and  he  finds  the  phenomena  consonant  with  his  view  that  the  undulations  had 
their  beginnings  in  submarine  inequalities,  and  he  cites  where  ore-deposits  appear 
to  (x*cupy  synclinal  depressions  rather  than  anticlines,  and  he  arrived  at  the  con- 

♦  Geology  of  WisconHin,  vol.  iv,  p.  429. 
fOp.  cit.,  p.  432. 


RELATION   OP   DEFORMATION   TO   DEPOSITION   OF   ORE.  27 

clofiion  that  **  the  ore-deposits  usually,  possibly  not  universally,  occupy  depressions 
in  the  strata."  * 

Relation  of  DEPORSf atiok  to  Deposffion  op  Ore. 

PcMfition  of  Accumulations  of  Ore. — According  to  the  generally  accepted  view  of  the 
accumulation  of  the  ores  by  lateral  secretion  or  leaching,  it  is  not  strange  that  the 
heavier  deposits  are  found  in  the  depressions  where  we  should  expect  them  to  be, 
but  it  is  not  clear  to  me  in  the  cases  cited  that  the  flexing  of  the  beds,  the  synclines 
and  anticlines,  are  due  only  to  the  original  inequalities  in  the  ocean  floor  and  are 
not  accomi)anied  by  any  fracturing  or  displacements.  Do  we  not  have  in  the 
broken,  breeciated  beds  evidence  of  disruption ;  and  is  it  clear  that  in  all  cases 
these  depressions  are  not  monoclines  ending  in  &ults?  We  may  also  ask  whether 
we  do  not  find  the  simplest  explanation  of  the  inequalities  of  the  strata  to  be  that 
they  have  l)een  subjected  to  uplifts  and  downthrows  occurring  in  all  the  ages  from 
early  Silurian  time  onward  ?  A  line  of  break  and  movement  once  established  at 
an  early  period  would  no  doubt  be  perpetuated  in  succeeding  formations,  and  would 
explain  many  of  the  observed  phenomena  of  thinning  out  locally  of  some  of  the 
strata  and  their  want  of  horizontal  continuity. 

Examples  of  FhuUing. — A  few  examples  which  have  fallen  under  my  observation 
may  here  be  cited. 

In  addition  to  two  or  more  abrupt  transitions  visible  horizontally  in  the  levels 
of  the  Helena  mine  t  from  the  horizon  of  the  quarry-rock  and  oil-rock  of  the 
upper  Trenton  limestone  to  the  lead  and  zinc-bearing  beds  of  the  Galena  dolo- 
mites, we  have  a  fine  example  of  a  dislocation,  open  to  the  surface,  about  a 
quarter  of  a  mile  west  of  the  Helena  mine,  in  the  left  bank  of  the  ShuUsburg 
creek,  just  east  of  the  line  of  New  Diggings  township.  At  that  point  there  is  a  fine 
exposure  of  the  Trenton  limestone — the  "  quarry- rock'* — in  a  bluff  rising  abruptly 
from  the  water  to  a  height  of  from  10  to  20  feet.  The  strata,  which  appear  to  dip 
westward,  rise  gently  eastward  as  far  as  a  little  dell  or  ravine  descending  from  the 
southward,  where  the  limestones  disappear  from  view.  On  the  other  side  of  this 
ravine  about  100  feet  away  a  tunnel  driven  in  at  the  creek  level  passes  into  the 
coarsegrained  Galena  dolomites  and  gives  access  to  a  long  stretch  of  zinc  and  lead- 
bearing  ground  trending  southeasterly,  following  crevices  known  to  the  miners  as 
'*  10  o' clocks,"  being  nearly  at  right  angles  with  the  general  northeasterly  trend  of 
the  main  ore-bearing  crevices  of  the  Helena  mine  and  parallel  with  two  other 
known  northwesterly  crevices. 

Beyond  this  tunnel  to  the  east  the  Trenton  limestone  is  again  found.  It  would 
thus  appear  that  a  block  of  Galena  dolomite  has  here  dropped  below  the  horizon 
of  the  Trenton  on  each  side  of  it.  The  displacement  is  not  very  great,  but  it  ap- 
pears to  be  a  veritable  fault,  or  a  compound  feult,  accompanied  by  heavy  mineral- 
ization of  the  Galena  dolomites.  It  occurs  so  abruptly  and  within  such  a  limited 
distance  as  to  i)reclude  the  idea  of  a  flexure  of  the  beds. 

Examples  of  evident  dislocation  might  be  multiplied,  but  one  instance  such  as 
here  cited  will,  I  think,  suffice  to  establish  the  fact  that  disturbances  of  relative 
level  do  exist, t  and  in  direct  connection  with  mineral  deposits. 

*0p.  cit.,  p.  438. 

tOne  of  the  properties  of  the  WisconBin  Lead  and  Zinc  Company  and  situated  three  miles  west 
of  ShuUsburg  on  ShuUsburg  creek. 

tThe  recent  pftper.  Some  dynamic  Phenomena  shown  by  the  Baraboo  quartsite  Ranges  of  cen- 
tral Wisconsin,  by  C.  R.  Van  Hise  :  The  Journal  of  Geology,  vol,  i.  no.  4, 1893,  p.  347,  has  a  bearing 
upon  the  questions  at  issue. 
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Localization  of  mineral  Deposits  by  Fatdts, — In  explaining  the  localization  of  deposits 
by  faults  it  is  not  necessary  to  suppose  that  the  openings  gave  vent  to  mineral  solu- 
tions. A  simpler  explanation  suffices,  and  the  phenomena  are  better  explained  upon 
the  hypothesis  that  such  linear  breaks  in  the  ocean-bed  gave  an  outlet  to  fresh 
water  in  large  volumes  from  such  a  source  as  the  Potsdam  sandstone,  or  to  carbu- 
reted hydrogen  gases  or  sulphureted  hvdrogen,  either  of  which  would  de$«troy 
marine  life  and  cause  the  accumulation  of  its  remains  in  the  sediments.  Either 
sulphureted  gases  or  carbureted  hydrogen  would  act  directly  upon  sea  water  and 
cause  the  precipitation  of  mineral  sulphides,  while  the  decom^wsing  animal  reniainiJ 
would  continue  this  reduction  and  cause  the  accumulation  of  pyritic  ores  in  the 
mass  of  the  sediments  in  the  vicinity  of  the  fiEiults. 

The  hypothesis  of  the  precipitation  of  metallic  sulphides  from  sea-water  by  the 
gases  arising  from  decomposing  animal  and  vegetable  organisms  was  proposed  by 
Professor  Whitney,  but  he  did  not  entertain  the  idea  of  the  source  of  such  or  other 
precipitating  gases  in  the  faults,  or  of  the  possible  destruction  of  organisms  near 
the  faulting  planes.  The  accumulation  of  such  organisms  near  the  faulting  pianos 
would  explain  the  localization  of  the  mineral  deposits  if  the  precipitation  of  the 
ores  was  dependent  upon  animal  and  vegetable  decomposition. 

The  phenomena  of  deposition  of  the  sediments  toward  the  close  of  the  period  of 
the  Trenton  blue  limestone  are  significant  of  a  sudden  incursion  of  muddy  water 
accompanied  by  petroleum.  Although  the  upper  layers  of  limestone  are  more 
thinly  bedded  than  the  lower,  so  much  so  that  they  readily  break  up  into  tabular 
masses  and  thin  plates  or  flags,  the  rock  retains  its  composition  and  dense  homo- 
geneous character.  The  remains  of  shells,  however,  become  more  numerous  and 
the  surfaces  of  the  flags  are  marked  by  very  thin,  shaly  partings  and  many  j>ro- 
tuberances,  consisting  largely  of  the  remains  of  brachiopods. 

Relation  op  the  Oil-rock  to  the  Ore-deposits. 

In  the  so-called  "  oil-rock  "  of  the  Shullsburg  region  we  have  ample  direct  evi- 
deiK;e  of  the  sudden  formation  of  hydrocarbons,  and  it  does  not  appear  that  the 
significance  of  this  occurrence  in  connection  with  the  mineral  deposits  has  received 
the  amount  of  attention  it  deserves  in  any  attempt  to  explain  the  phenomena  of 
the  deposition  of  the  lead  and  zinc  ores.  Professor  Ghamberlin  has,  however, 
indicated  the  possible  functions  of  the  carbonaceous  layers  of  the  Trenton  lime- 
stone in  causing  the  deposition  of  blende  in  the  shale,  and  apparently  after  the 
formation  of  the  shale,  the  disseminated  grains  of  blende,  known  to  the  miners  as 
"  speckle  jack,"  being  found  between  the  thin  layers  of  the  shale  in  such  a  way  as 
to  indicate  this.* 

This  oil-rock  is  a  true  petroleum  shale.  A  considerable  quantity  of  thick  petro- 
leum can  be  distilled  from  it,  even  after  it  has  been  exposed  to  the  weather  for 
years.  It  does  not  ocxnir  in  quantity,  but  is  generally  in  very  thin  layers  not  much 
thicker  than  card-board  or  blotting-paper  and  fllm-like  dividing  layers  of  compart 
and  highly  fossiliferous  limestone,  but  it  sometimes  attains  a  thicknei?s  of  several 
inches  and  is  in  several  layers  separated  by  limestone  full  of  fossils.  The  color  is 
chocolate-brown,  and  is  in  strong  contrast  with  the  limestone,  especially  when 
wet,  by  which  the  color  is  much  darkened.  It  appears  to  have  been  suddenly 
formed,  the  line  between  it  and  the  limestone  is  sharp  and  distinct,  and  its  posi- 

•  Geology  ©f  Winconsin,  vol.  iv,  p.  546.  There  are  numerous  examples  of  this  in  the  8hull!*burg 
regioa.  Sometimes  extensive  workable  bods  are  found,  and  the  mass  appears  to  have  been  formed 
together.    The  blende  is  often  rosettes  or  crystalline  nodules—"  strawberry  "  or  "  blackberry  jack.*' 
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tion  in  the  midst  of  great  masses  of  fossils  indicates  that  a  sudden  incursion  of 
hydrocarbons  was  the  cause  of  the  death  of  the  organisms. 

The  petroleum  shale  appears  to  be  calcareous  rather  than  argillaceous.  Diges- 
tion in  acids  causes  much  effervescence,  and  leaves  a  brown  spongy  mass,  which 
bums  freely  when  dry.  The  fossil  shells  entombed  in  the  shale  are  generally  well 
preserved  and  are  sometimes  silicified. 

Analyses  of  this  rock  show,  as  would  be  expected,  a  wide  difference  in  the 
amounta  of  earthy  and  of  volatile  constituents  in  different  specimens. 

In  the  mines  of  the  Shullsburg  region  this  "  oil-rock  "  is  regarded  as  marking 
the  lowest  horizon  of  workable  deposits  of  blende.  It  appears  to  be  the  floor  of 
the  heaviest  zinc  deposits  upon  which  the  sulphides  are  spread  out  in  sheets  and 
masses  as  if  the  shale  were  both  impervious  to  the  sohitions  and  at  the  same  time 
favorable  to  the  deposition  of  zinc  ore  in  the  more  porous  upper  portions.  It  is 
ea^y  to  believe  that  this  floor  of  petroleum  shale  has  acted  as  a  reducing  agent 
upon  zinc  and  iron  solutions,  while  retaining  them  by  its  impervious  nature.  The 
soH^lled  *'  brown  rock  "  and  the  "  green  rock  "  are  believed  to  be  modified  forms 
of  this  oily  deposit,  where  it  is  more  ferruginous  and  clay-like  and  attains  a  greater 
development.  It  marks  distinctly  the  horizon  of  the  top  of  the  Trenton  limestone 
proper,  the  "quarry -rock"  underlying  the  Galena  dolomite.  It  is  thus  at  the 
base  of  the  chief  mineral-bearing  strata,  and  though  there  are  instances  of  layers  of 
blende  occurring  below  this  petroleum  shale,  they  are  regarded  as  exceptional. 

Evidences  op  Deformation. 

Crmces. — ^The  rectilinear  and  geometric  arrangement  of  the  mineral-bearing 
crevices,  their  parallelism,  right-angled  intersections,  and  their  great  length  as 
compared  with  their  breadth,  are  certainly  evidences  of  some  general  and  compre- 
hensive cause  of  the  fracturing.  We  are  reminded  of  the  experimental  demonstra- 
tions of  Daubr^e  in  the  torsion,  to  the  shattering  point,  of  the  sheets  of  plate-glass, 
and  find  in  the  homogeneous  vitreous  limestones  of  the  Trenton,  known  as  the 
"glass-rock,"  th^  bed-rock  of  the  lead  region,"  a  material  which  very  closely  sat- 
b'fies  the  conditions  of  those  experiments. 

In  a  region  so  cut  up  by  vertical  fracture  planes  it  would  be  surprising  if  some  of 
the  blocks  were  not  displaced ;  we,  indeed,  cannot  conceive  of  the  possibility  of  all 
the  blocks  retaining  absolutely  their  original  horizon  plane,  especially  where  a 
flexed  structure  witli  its  attendant  strains  coexisted. 

"-Barren  Bars." — Another  evidence  of  dislocation  may  be  found  in  the  generally 
observed  phenomena  of  walls  of  hard  unmineralized  rock,  known  to  the  miners  as 
**  barren  bars,"  which  bound  mining  operations  on  one  side  like  straight  walls. 
The  formation  on  the  one  hand  will  be  open,  porous  and  mineral-bearing,  often 
"picking-ground"  of  the  miner,  while  on  the  other  a  different  rock  forms  a  hard, 
unyielding,  dense,  barren  wall,  which  cannot  be  broken  without  powder.  These 
liars  are  often  narrow  and  separate  contiguous  mineral-bearing  strata.  Examina- 
ti<m  of  such  bars  I  am  convinced  will  show  vertical  displacements  by  which  strata 
of  different  horizons  are  brought  into  juxtaposition  horizontally. 

Relation  of  the  DKiftless  Area  to  the  ORE-DEPOsrrs. 

In  any  attempt  to  explain  the  origin  of  the  mineral  deposits  we  must  not  omit 
reference  to  the  feet  that  the  lead  and  the  zinc  region  is  approximately  that  of  no 
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Klaciation ,  the  deposits  bei ng  confined  to  the  driftless  area.  While  the  glaciers  swept 
southward  on  either  side,  the  lead  region  escaped  and  has  since  early  geologic  time 
been  subject  to  atmospheric  influences.  As  a  result,  there  is  a  great  accumulation 
of  decomposed  rock  in  place  in  a^  highly  oxidiased  condition.  That  these  products 
of  decomposition  have  been  leached  by  surface  waters  there  can  be  no  question, 
and  we  may  regard  a  portion  at  least  of  the  upper  mineral  deposits  as  derived  from 
a  considerable  thickness  of  formerly  overlying  rocks,  now  concentrated  in  the  re- 
siduum of  their  decay  or  redeposited  in  the  crevices  and  cavities  of  lower  strata. 
The  formerly  overlying  shales  of  the  Hudson  river  or  Cincinnati  period  of  which 
we  now  have  remnants  only  in  the  mounds  along  the  southern  margin  of  the  zinc 
and  lead  region,  may  have  been,  in  part  at  least,  the  original  depository  of  diffused 
sulphides  of  zinc  and  iron.  Such  sulphidea  by  long  exp<jsure  to  oxidizing  eon<li- 
tion§  by  the  percolation  of  atmospheric  water  before  and  during  the  glacial  period 
would  form  soluble  sulphates  which  by  contact  with  the  underlying  limestones  or 
dolomites  would  be  reprecipitated  as  carbonates,  or,  possibly,  if  brought  in  contact 
with  active  deoxidizing  ix)ndition8,  as  sulphides. 

Conditions  similar  to  these  hypothetical  conditions  are  found  at  ancient  Laurium, 
where,  according  to  M.  Iluet,*  deposits  of  zinc  ore  penetrate  limestone  strata  below 
overlying  schists.  Interesting  cross-sections  of  these  deposits  are  given  by  Iluet 
and  are  cited  by  Daubr^e.f 

f  Professor  A.  H.  Winchell  has  suggested  J  that  the  sulphide  ores  of  the  Wisconsin 
lead  region  have  been  derived  from  formations  formerly  overlying  the  Trenton 
even  as  high  in  the  series  as  the  Cretaceous,  which  he  believes  once  covered  the 
lead  region  and  have  been  swept  away.  He  thinks  that  the  ores  were  deposited 
from  the  ocean  in  the  Cretaceous  age  and  found  their  way  downward  through  the 
strata  to  their  present  horizon. 

The  existence  of  the  ores  in  the  driftless  area  and  their  absence  in  the  same  rocks 
beyond  is  good  evidence  of  their  superficial  rather  than  deep-seated  origin ;  that 
they  have  accumulated  from  aboye  downward  rather  than  from  below  upward,  and 
that  these  ores  were  diffused  in  the  mass  of  the  preexisting  rocks.  If  the  ores 
had  been  formed  by  the  upward  flow  of  solutions  depositing  their  metallic  sul- 
phides along  the  walls  of  the  fissures  and  crevices  we  should  exi)ect  to  find  the 
roots  of  the  deposits,  so  to  speak,  in  the  glaciated  strata. 

General  Distribution  op  Zinc  in  Sea-watrr  in  Silurian  Time. 

It  does  not  appear  necessary  to  invoke  the  aid  of  favoring  currents  of  sea-water 
si>ecially  charged  with  metallic  solutions,  or  the  derivation  of  such  solutions  from 
remote  and  more  favored  shores,  to  enable  us  to  accept  the  idea  of  the  derivation 
of  the  zinc  and  lead  ores  from  the  ocean. 

The  fact  that  the  older  limestones  and  dolomites  of  both  America  and  Europe, 
and  pmbably,  we  may  say,  of  the  world,  api>ear  to  be  the  special  repositories  of 
zinc  and  lead  is  evidence  of  a  world-wide  and  not  local  distribution  of  the  salts  of 
zinc  and  of  lead  at  that  time.  We  find  a  series  of  remarkable  workable  dejwsits 
of  zinc  ore  in  the  Appalachians  stretching  at  intervals  from  northern  New  Jersey 
into  Pennsylvania,  Virginia  and  Tennessee.  These  deposits  are  either  in  the  lime- 
"~ • ■ — — — - 

*  Huet:  M^nioire  de  la  Sorit^t^  des  ing<>nlour«  cirils,  1878-1886. 

t  Dauhr^e:  Los  Eaux  Sout^rraines,  vol.  iii,  pp.  104-106. 

J  Iron  Ores  of  Minnc-'ota,  p.  IM. 
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stones  of  the  Trenton  period  or  in  close  association  with  them.  To  the  zinc  and 
lead  regions  of  Wisconsin  and  Missouri  we  may  add  those  of  Arkansas  and  of 
New  Mexico,  these  last,  at  least,  being  in  Silurian  limestones. 

The  zinc  ores  of  Tennessee  are  foimd  for  the  most  part  in  the  lower  beds  of 
Trenton  limestone  or  just  below  them  in  the  magnesian  limestones.  The  zinc  ores 
of  Claiborne,  Tennessee,  occur  at  intervals  for  12  or  15  miles  along  a  great  anticlinal 
fold  of  the  limestones.*  The  zinc  deposits  of  Bald  hill,  on  Powell  river,  Tennessee, 
are  in  a  dark-colored  fetid  limestonef  of  Lower  Silurian  or  upper  Cambrian  age. 

In  Europe,  according  to  Burat,  the  ores  of  zinc  used  at  the  celebrated  zinc  smelt- 
ing works  of  Belgium  are  obtained  chiefly  from  dolomitic  Silurian  limestones,  but 
Daubr^e  in  his  r^sum^  of  the  discussion  of  the  action  of  mineralized  waters  in  the 
formation  of  masses  of  zinc  ore  indicates  a  much  more  general  vertical  range,  for  he 
says,  in  substance,  notwithstanding  local  differences  tlie  deposits  of  calamine  pre- 
sent striking  analogies  altogether  indei>endent  of  the  age  of  the  beds  in  which  they 
are  spread,  whether  Cretaceous,  as  in  Spain ;  Triassic  in  Upper  Silesia,  the  Duchy 
of  Baden  and  central  France ;  Carboniferous  in  Belgium  and  England  ;  Devonian 
in  some  parts  of  Belgium,  Prussia  and  Westphalia,  or  in  Silurian,  as  in  Sardinia. 

In  the  western  portion  of  the  United  States  some  of  the  more  remarkable  large 
IxKiies  of  zinc  and  lead  ores,  generally  argentiferous,  are  either  in  or  are  closely 
associated  with  the  older  limestones.  This,  it  is  thought,  is  good  evidence  in^ 
fevor  of  the  contemporaneous  origin  of  the  sulphides  of  the  metals  with  the  mass 
of  the  rocks  in  which  we  now  find  them,  and  consequently  that  they,  like  the 
Hediments,  were  derived  from  sea-water  or  were  at  least  distributed  by  sea-water, 
the  chemical  conditions  then  favoring  the  precipitation  more  than  before  or  since. 

Conclusions. 

The  chief  points  to  which  I  desire  to  direct  especial  attention  by  this  paper  are : 

1.  That  faults  and  dislocations  exist  in  the  Wisconsin  lead  and  zinc  region,  and 
that  these  faults  have  a  direct,  though  obscure,  relation  to  the  localization  of  the 
mineral  deposits,  as  claimed  by  Percival. 

2.  That  although  it  is  not  probable  that  the  faulting  planes  gave  vent  to  mineral 
solutions  from  below,  they  probably  permitted  the  outflow  of  fresh  water  or  of 
jcases  which  acted  upon  the  sea-water  as  precipitants  of  the  metals  and  also  as 
destroyers  of  the  animal  and  vegetable  life  in  their  vicinity,  by  the  decomposition 
of  which  organisms  the  accumulation  of  metallic  sulphides  in  the  rocks  was  pro- 
moted and  to  some  extent  localized. 

3.  That  the  significance  of  the  thin  oil-bearing  shales  at  the  top  of  the  compact 
limestones  of  the  Trenton  period  and  at  the  base  of  the  Galena  dolomites  has  not 
been  sufficiently  recognized.  These  shales  are  rich  in  petroleum,  and  give  evidence 
of  sudden  formation  and  of  the  attendant  destruction  of  organic  life.  This  "oil- 
rock  "  is  at  the  base  of  most  of  the  zinc  deposits,  and  appears  to  have  acted  both 
as  a  retentive  substratum,  or  floor  of  deposition,  of  blende  and  as  a  source  of  deoxi- 
dizing and  of  sulphurizing  gases  which  have  determined  the  reprecipitation  of  the 
xinc  from  sulphate  solutions  derived  from  the  oxidation  of  the  blende  deposits 
above  the  water-level. 

4.  That  the  arrangement  of  the  crevices  indicates  a  shattering  of  the  strata, 


•Safford  :  Geological  Reconnoiflsanne  of  Tennessee,  1855,  p.  74. 

t  MiaiDg  Magazine  and  Journal  of  Q«ology,  second  neries,  vol.  I,  p.  420. 
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especially  those  of  the  compact  vitreous  limestones  of  the  lower  Trenton,  callwi 
"glass-rock,"  analogous  to  the  fissuring  obtained  by  Daubr^  in  shattering 
plate-glass. 

5.  That  the  coincidence  in  extent  of  the  lead  and  zinc  region  with  the  "  driftless 
area/'  as  shown  by  Professors  Chamberlin  and  Salisbury,  and  the  absence  of  the 
ores  in  the  glaciated  areas  tends  to  show  that  the  ores  have  been  derived  from  the 
mass  of  the  rocks  by  gradual  oxidation,  secretion  and  lateral  flow  into  the  fissures 
during  the  geologic  ages  to  which  the  rocks  were  exposed  to  atmospheric  agencies. 

6.  That  the  chemical  conditions  fieivoring  the  deposit  of  zinc  ores  and  of  lead  ores 
appear  to  have  been  world-wide  and  most  favorable  when  the  ancient  Carbonifer- 
ous and  Silurian  limestones  were  laid  down. 

DiscrssioN. 

J.  F.  Kemp : 

Although  not  personally  familiar  with  the  region  described,  I  have  seen  much 
of  similar  deposits  in  southeastern  Missouri  and  have  been  in  close  touch  with  Dr 
W.  P.  Jenney  in  his  work  on  those  in  Wisconsin.  A  fault-fissure  seems  the  most 
reasonable  source  of  supply  for  such  large  bodies  of  ore,  but  it  is  extremely  difficult 
to  detect  such  as  Professor  Blake  shows.  Dr  Jenney  states  that  he  has  found  evi- 
dence of  horizontal  faulting,  but  this  is  an  obscure  phenomenon  to  identify.  At 
Mine  la  Motte,  Missouri,  experience  has  shown  vertical  faults,  in  one  case  quite 
extended,  but  near  them  the  ore-bodies  fade  out  into  barren  rock— the  reverse  of 
what  we  would  expect  were  the  fault-fissures  a  source  of  supply.  Recent  drilling 
has  given  some  reason  for  believing  that  the  ore  favors,  in  a  broiid  way,  the  places 
where  low  rolls  or  anticlines  cross  the  faults.  If  the  anticlines  had  ortce  been  more 
marked  and  a  source  of  some  shattering,  had  then  been  impregnated  with  ore  and 
afterward  subsided,  a  very  puzzling  ore-body  would  have  resulted,  with  no  very 
apparent  cause  for  the  original  cavities,  but  with  strong  analogies  with  what  we 
meet  there  today.  The  absence,  however,  of  notable  faults  in  Wisconsin  addd 
much  to  the  difficulties  of  explanation. 

T.  C.  Chamberlin : 

There  is  undoubted  evidence  of  some  disturbance  of  the  beds  which  embrace  the 
lead  and  zinc  deposits,  and,  in  some  instances,  the  beds  on  opposite  sides  of  a  lobe 
lie  at  different  altitudes,  but  I  have  never  seen  evidence  which  positively  deter- 
mined whether  this  was  due  to  faulting  or  flexure.  In  the  case  of  flats  and  pit<.'herp, 
which  constitute  the  notable  feature  of  the  lead-bearing  deposits,  there  is  evidence 
that  the  mass  of  rock  embraced  within  the  flats  and  pitchers  has  settled  down 
somewhat,  but  this  has  never  schemed  to  me  to  be  an  instance  of  faulting  in  the 
larger  sense.  While  beds  have  been  Ix^nt  and  crushed,  and  w  bile  there  have  l)cen 
minor  slips  and  settlings  of  the  beds,  I  am  not  aware  that  there  is  any  proof  of 
general  faulting  which  affected  the  greiit  series  of  Paleozoic  beds  down  to  the  crys- 
talline i-ocks.  It  was  faulting  of  this  kind  that  was  chiefly  in  my  mind  in  discuss- 
ing the  subject  of  the  ore  deiwsits  in  the  Wisconsin  reports  and  not  those  slifjht 
minor  dislocations  which  were  of  merely  local  and  trivial  extent.  These  latter  dis- 
turbances were  doubtless  influential  factors  in  determining  the  final  localization  of 
the  ore  deposits,  but  they  could  have  no  bearing  upon  the  original  introduction  of 
the  metalliferous  material  unless  they  extended  through  the  strata  below. 
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The  next  paper  was  entitled : 

GEOLOGY   OF  THE  SAND-HILL  COUNTRY   OF  THE   CAROLINAS 
BY  J.    A.    HOLMES 

[Abstract] 

The  coastal  plain  region  of  the  south  Atlantic  and  Gulf  states  is  covered  almost 
everywhere  with  a  thin  mantle  of  loose  material,  mostly  loam,  clay  or  sand,  the 
latter  predominating,  and  the  general  surface  is  either  nearly  level  or  gently  undu- 
lating. Near  the  inland  border  of  the  region  the  topographic  features  and  the 
sand-covering  are  more  pronounced.  In  the  Carolinas  the  sand-covered  ridges  and 
hills  reach  an  elevation  of  400  to  600  feet,  while  the  brooks  at  their  bases,  within 
half  a  mile  of  the  summits,  run  at  a  level  of  100  feet,  more  or  less,  below,  and  the 
larger  streams  which  separate  the  ridges  and  divides  are  but  little  above  tide-level. 
Hill  and  valley  alike  are  covered  with  a  mantle  of  sand,  which  varies  in  thickness 
from  1  to  20  or  30  feet.  This  pronounced  topography  and  sand-covering  have 
given  rise  to  a  somewhat  general  use  of  the  expressions  "  sand-hill  country  '*  and 
'among  the  sand-hills.''  These  expressions  are  sometimes  applied  locally  to  sec- 
tions of  the  coastal  plain  region  near  the  sea,  where  the  wind-action  has  produced 
dunes,  but  such  usage  is  local. 

That  part  of  this  region  which  lies  between  the  Neuse  and  Savannah  rivers  has 
\)een  examined  more  particularly,  and  in  this  region  the  following  sections  will 
indicate  fairly  well  the  geologic  structure : 

a.  A  series  of  cross-bedded,  medium  to  coarse  arkose  sands  lying  on  the  irres^u- 
larly  eroded  surface  of  the  crystalline  rocks.  These  beds,  which  are  classed  pro- 
visionally as  Cretaceous,  contain  in  the  upper  layers  in  places  lenses  of  clay  and 
oct^asional  thin  beds  and  seams  of  lignitic  material.  They  have  been  deeply 
eroded,  their  present  surfiice  rising  nearly  to  the  tops  of  the  highest  hills  and  sink- 
ing to  the  level  of  the  deeper  valleys. 

h.  Overlying  these  arkose  sands  near  the  tops  of  a  few  of  the  higher  hills  are  to 
be  foand  small  jiatches  of  older  Eocene  deposits,  remnants  of  a  once  extensive 
formation. 

c.  Overlying  with  marked  unconformity  th^  deeply  eroded  Cretaceous  surface 
and  the  Eocene  remnants  are  the  loams  and  ferruginous  sands  of  the  LafSEiyette 
formation,  which  in  turn  have  been  deeply  eroded  and  entirely  removed  over  con- 
siderable areas  in  the  drainage  basins  of  the  larger  streams. 

d.  Spread  out  over  this  deeply  and  irregularly  eroded  surface,  resting  in  places 
on  the  Lafayette  or  the  Eocene  or  on  the  Cret€w«ou8,  or  where  all  of  these  have 
been  removed,  even  on  the  crystalline  rocks,  lies  the  mantle  of  sand  and  loam 
which  is  classed  as  Columbia. 

Among  the  features  in  this  region  deserving  special  consideration  may  be  men- 
tioned the  following : 

1.  The  arkose  sands,  here  classed  as  Cretaceous,  which  have  a  thickness  in  this 
region  of  several  hundred  feet,  and  near  the  coast  a  thickness  of  possibly  more 
than  1,000  feet,  indicate  the  removal  of  a  large  amount  of  material  from  the  adja- 
cent Piedmont  plateau  during  Cretaceous  time  while  this  plateau  was  being  reduced 
to  baae-level.  The  origin  of  the  extensive  beds  of  typical  arkose  material  has  not 
yet  been  satis&ctorily  explained. 

V— Bui.T«  iiftou  Soc.  Aw.,  Vol..  B,  1893. 
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2.  Evidence  of  extensive  erosion  in  this  region  during  the  interval  between  the 
Cretaceous  and  Eocene  deposition  has  not  y6t  been  found  to  be  conclusive,  but  in 
the  coastal  plain  region  further  seaward  such  evidence  does  exist. 

3.  If  extensive  Miocene  beds  ever  existed  in  this  region  they  were  removed  be- 
fore the  time  of  the  Lafoyette  deposition. 

4.  There  are  unmistakable  evidences  of  two  periods  of  extensive  erosion :  (a)  One 
post-Eocene  and  possibly  post-Miocene,  but  pre-Lafiiyette ;  (6)  the  other  post- 
Lafayette  but  pre-Columbia.  During  the  first  of  these  practically  all  of  the  Miocene 
fonnation  (if  it  ever  existed  in  this  region),  nearly  all  of  the  Eocene,  and  a  large 
part  of  the  Cretaceous  formation  was  removed  from  the  Sand-hill  country.  During 
the  second  of  these  erosion  intervals  there  was  removed  fully,  one-half  of  the 
Lafayette  formation  and  additional  portions  of  the  fo^mations  underlying.  There 
are  evidences  of  limited  post-Columbia  erosion,  but  the  amount  is  insignificant  as 
compared  with  the  work  of  the  two  erosion  intervals  just  mentioned. 

5.  The  extent  of  the  submergence  of  this  region  during  these  succeeding  periods 
of  deposition  can  be  made  out  approximately.  Between  the  Cape  Fear  and  Peedee 
rivers  the  position  of  the  land  during  the  later  Cretaceous  deposition  could  not 
have  been  less  than  600  feet,  and  was  probably  not  greater  than  800  feet.  The 
Eocene  remnants  capping  the  hills  at  an  elevation  of  500  feet  above  tide  represent 
older  Eocene  deposits.  The  submergence  during  Eocene  deposition  could  hardly 
have  been  less  than  600  or  700  feet  and  may  have  been  several  hundred  feet  more, 
and  the  Eocene  waters  for  a  short  time  may  have  covered  a  considerable  part  of 
the  Piedmont  plateau  and  washed  against  the  slopes  of  King's  and  Andenjon's 
and  the  Sauratown  mountains.  Six  or  seven  hundred  feet  may  be  stated  as  a 
probable  maximum  submergence  during  the  deposition  i)eriods  of  the  Lafeyette 
and  Columbia. 

6.  Observations  have  been  made  which  will  aid  in  detennining  approximately 
the  amount  of  elevation  of  the  land^during  the  several  erosion  intervals,  but  they 
are  not  complete  enough  to  warrant  their  discussion  within  the  limits  of  this  paper. 

7.  In  conclusion,  it  may  be  stated  that  the  general  topography  of  the  Sand-hill 
country  is  as  old  as  the  post-Cretaceous  and  post-Eocene  erosion  intervals.  The 
valleys  and  stream  channels  formed  at  that  time  were  subsecjuently  filled  or  nearly 
so  during  the  Lafayette  deposition,  but  they  were  opened  up  again  along  the  same 
general  lines  during  the  post^Lafayette  erosion  interval.  This  was  followed  in 
turn  by  the  comparatively  brief  Columbia  submergence,  during  which  was  laid 
down  the  thin  covering  of  sand  in  the  region  under  consideration,  and  of  finer 
sand  and  loam  and  clay  further  seaward.  These  materials  again  filled  the  stream- 
channels  and  adjacent  low,  level  valleys,  and  they  are  again  being  removed  by 
postrColumbia  erosion ;  but  these  recent  changes  have  left  the  general  topography 
much  the  same  as  it  was  long  before. 

In  discussing  the  paper  W  J  McGee  said : 

To  one  who  is  femiliar  with  the  difficulties  attending  field-work  in  the  Coastal 
plain,  the  results  of  Professor  Holmes'  studies  seem  esi)ecially  important.  His 
contributions  to  the  structural  geology  and  the  genetic  history  of  this  region  have 
been  so  clearly  stated  as  to  leave  no  room  for  criticism  and  little  room  for  remarks 
save  in  commendation.  I  beg,  however,  to  direct  special  attention  to  the  cleai^ 
ness  and  fullness  with  which  he  has  elaborated  that  part  of  the  region  which  was 
previously  most  obscure,  i.  e.,  the  lat€v  portion,  represented  by  the  vaguely  defined 
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euperfioial  depodts  of  sand  and  loam.    His  extended  observationB  and  cautious 
inferences  have  illuminated  a  dark  chapter  in  the  geology  of  the  Carolinas. 

The  following  papers  were  read  by  title : 

THE   ARKANSAS  COAL  MEASURES  IN  THEIR  RELATION  TO    THE  PACIFIC 
CARBONIFEROUS   PROVINCE 

BY  JAMES  PBRRIN    SMITH 

GLACIATION  OF  THE  WHITE  MOUNTAINS,   NEW  HAMPSHIRE 

BY  C.   H.    HITCHCOCK 

A  recent  visit  to  the  White  mountains  has  enabled  me  to  complete  the  exam- 
inations needed  to  affirm  that  glaciation  has  been  complete  over  the  Presidential 
range  of  summits  and  cols.  My  earlier  publications  have  related  chiefly  to  Mount 
Washington,  the  highest  of  all  the  summits ;  for  if  the  highest  point  has  been 
glaciated  it  is  presumable  that  the  lower  portions  have'  been  affected  in  a  similar 
manner.  Commencing  at  Mount  Madison,  the  extreme  northern  elevation,  and 
proceeding  west  of  south  and  south  to  Mount  Webster,  the  range  may  be  specified 
as  follows :  Mount  Madison,  5,380  feet ;  *  lowest  point  in  the  divide  or  col  between 
Madison  and  Adams,  4,912  feet;  Mount  Adams,  5,805  feet;  col,  4,940  feet;  Mount 
Jefferson,  5,725  feet;  col,  4,980  feet;  Mount  Clay,  5,640  feet ;  Mount  Washington, 
6,290  feet;  Lakes  of  the  Clouds,  5,060  feet;  Mount  Monroe,  5,390  feet;  Mount 
Franklin,  4,904  feet ;  col  between  Mount  Franklin  and  Mount  Pleasant,  4,400  feet ; 
Mount  Pleasant,  4,764  feet ;  Mount  Clinton,  4,320  feet ;  Mount  Jackson,  4,100  feet ; 
Mount  Webster,  4,000  feet;  White  Mountain  Notch,  1,914  feet. 

Above  5,000  feet  the  rocks  have  never  been  protected  by  vegetation,  and  conse- 
quently a  more  intense  and  longer  continued  freezing  action  has  prevailed ;  hence 
ledges  that  were  once  as  firm  as  possible  after  the  removal  of  the  shattered  and 
decayed  pieces  have  now  been  split  into  fragments.  The  glacialist  everywhere 
eliie  finds  little  or  no  evidence  of  postglacial  dismemberment  of  the  ledges  through 
freezing,  and  has  therefore  been  led  to  doubt  the  evidences  that  have  been  pre- 
sented of  the  removal  of  the  glaciated  surfaces  themselves. 

Tlie  rock  of  the  range  is  an  easily  splitting  feldspathic  mica-schist  traversed  by 
occasional  veins  and  bunches  of  white  and  rose  quartz.  No  signs  of  striation  are 
viiiible  upon  the  schists,  though  embossment  of  the  ledges  is  frequently  admirably 
displayed.  Two  excellent  examples  of  glaciated  quartz  occur  in  the  cols  on  both 
pides  of  Mount  Adams,  each  about  5,000  feet  high.  In  the  most  northern  col  the 
mirface  of  the  white  glaciated  quartz  is  10  by  25  feet  and  the  direction  of  the  striae 
S.  :J3®  E.t  More  than  half  of  the  surface  shows  the  striation ;  over  the  rest  the 
lines  have  been  obliterated,  but  the  smoothing  remains.  By  carefully  examining 
these  two  kinds  of  sur&ce  one  is  enabled  to  judge  whether  the  smoothed  loose 
pieces  of  quartz  found  higher  up  indicate  glaciation.  Specunens  of  both  these 
smoothed  surfaces  have  been  compared  and  it  is  impossible  to  distinguish  them 

*  The  height  are  given  above  meao  tide-water. 

t  The  courses  of  strice  have  l)eea  corrected  for  variation  of  the  compass. 
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from  each  other ;  hence  the  conclusion  is  drawn  that  the  smoothing  upon  numy 
fragments  of  white  quartz  upon  the  higher  summits  is  due  to  glaciation.  The  other 
quartz-ledge  showing  glaciation  is  in  the  Adams-Jefferson  col  and  is  25  by  30  feet 
square,  and  is  completely  covered  by  delicate  stria  running  S.  55**  E.  One  could 
not  readily  refer  to  a  larger  and  handsomer  area  of  glaciated  white  quartz  at  any 
lower  level  away  from  the  mountains. 

Every  one  of  the  cols  in  the  Presidential  range  shows  excellent  examples  of 
roches  moutonnSes  and  usually  strise  and  transported  bowlders.  The  embossment  in 
the  cols  adjacent  to  Mount  Adams  and  Mount  Pleasant  are  uncommonly  fine. 
Those  about  the  Lakes  of  the  Clouds  have  been  figured  as  good  illustrations  of  ice 
action  in  my  father's  reports  and  text-book.  No  geologist  &miliar  with  ice-work 
can  hesitate  to  recognize  their  glacial  origin.. 

Mount  Madison  presents  near  the  top  the  appearance  of  smoothing  and  obscure 
glacial  marking,  and  a  single  pebble  of  green  schist  like  that  found  in  ledges  in 
the  town  of  Stark  has  been  brought  to  me. 

Mount  Adams  has  changed  its  surface  character  somewhat  since  my  first  visit 
there  twenty- two  years  ago.  It  was  said  then  that  "  fragments  are  strewn  univer- 
sally over  the  cone.  You  can  find  one  comparatively  small  block  standing  above 
every  other  one  at  the  very  apex."  I  now  find  that  the  loose  fragments  at  the  apex 
have  been  pushed  downhill  by  tourists  and  engineers,  so  small  is  the  summit ; 
consequently  glaciation  is  not  visible ;  but  a  few  feet  lower  down,  on  the  north 
side,  I  found  a  rounded  bowlder  of  granite  of  the  size  of  one^s  fist  comparable  with 
the  rock  in  Stark,  and  on  two  sides  of  the  mountain,  at  levels  from  100  to  300  feet 
below  the  apex,  I  found  several  blocks  of  hornblende  and  green  schistose  rocks 
such  as  are  common  about  Groveton  and  Ijancaster.  Three-fourths  of  the  way 
from  the  top  of  Mount  Adams  to  the  west  base  of  the  cone  I  found  a  protogene 
bowlder  weighing  25  pounds.  My  notes  also  mention  an  apparently  embosaed 
ledge  of  rock  quite  near  the  summit  of  Adams,  on  the  west  side.  Mr  W.  G.  Nowell 
observed  on  the  west  side  striae  at  the  altitude  of  5,500  feet,  and  also  on  Mount 
Sam.  Adams,  5,583  feet,  with  the  direction  S.  58°  E. 

Mount  Jefferson  is  abundantly  covered  by  transported  stones,  chiefly  of  proto- 
gene gneiss.  On  both  the  north  and  south  fianks  they  are  very  noticeable  and 
may  be  counted  by  the  hundred.  At  the  apex  I  saw  one  weighing  20  pounds. 
Two  hundred  and  fifty  feet  below  the  summit,  on  the  southwest  side,  I  found  near 
each  other  obscurely  embossed  ledges,  smoothed  fragments  of  quartz,  apparently 
glaciated  when  in  the  ledges,  and  three  bowlders,  each  estimated  to  weigh  two 
tons.  On  the  summit  of  Mount  Clay  there  are  obscure  embossed  leiiges,  and  1 
picked  up  a  small  pebble  of  slate  such  as  is  common  in  Essex  county,  Vermont. 

I  wil  simply  say  that  on  Mount  Washington  I  have  found  many  bowlders  of 
protogene  and  other  foreign  stones  on  its  northwestern  slope  and  apex.  The  l)e8t 
example  is  a  rounded  bowlder  of  protogene  weighing  91  pounds,  found  about  15 
feet  from  the  southeast  angle  of  the  Tiptop  house,  and  presented  to  the  Boston 
Society  of  Natural  History.  A  supposed  scoring  measured  S.  4'i°  E.  on  a  rock  plat- 
form near  the  Signal  Service  station.  Professor  W.  O.  Crosby  has  verified  the 
observations  of  transported  bowlders  on  the  summit  of  Mount  AVashington.  At 
the  Lakes  of  the  Clouds  the  striee  point  S.  22^  E.  and  S.  52^  E.  Two  hundred  feet 
above  these  lakes  the  course  is  S.  30°  E.  In  the  Mount  Pleasant  cols  the  course  is 
S.  SO"*  E. ;  on  Mount  Clinton  from  S.  47°  to  52°  E. ;  on  the  south  peak  of  Clintx)n 
S.  50°  E. ;  on  the  top  of  Mount  Webster  S.  30°  E.,  and  farther  south  on  a  surface 
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40  by  200  feet  S.  30**  E.    The  bowlders  seen  southwest  from  the  lakes  are  too  nu- 
merous to  mention. 
Concerning  the  phenomena  it  may  be  remarked  in  general  that — 

1.  The  direction  of  movement,  like  that  common  in  the  vicinity,  is  southeast- 
erly, and  the  materials  have  been  transported  uphill. 

2.  The  bowlders  have  come  from  positions  corresponding  to  the  places  of  their 
dispersal.  The  protogene  on  Mount  Washington  and  Mount  Jefferson  is  thought 
to  have  been  derived  from  Israel  river  valley,  while  the  Huronian  schists  and 
granites  on  Mount  Adams  have  come  from  Groveton  and  Stark,  a  region  farther 
north.  The  protogenes  have  been  transported  more  than  10  miles  and  elevated 
4,000  feet ;  the  Huronian  schists  12  to  18  miles  or  more,  and  the  slates  probably 
30  miles.  No  account  is  taken  of  the  transportation  of  the  bowlders  of  mica-schist, 
which  may  have  been  several  miles. 

3.  The  location  of  two  or  three  lines  of  terminal  moraines  in  northern  New  Eng- 
land is  such  as  lead  us  to  believe  that  their  positions  are  not  greatly  changed  by 
the  presence  of  the  higher  peaks. 

4.  These  remarks  do  not  apply  to  the  moraines  of  certain  later  local  glaciers. 

5.  The  arrangement  of  the  recently  discovered  fragments  is  worthy  of  notice. 
In  the  first  place,  there  are  conical  hills  upon  Mount  Adams,  say  50  feet  high  and 
75  feet  broad,  consisting  of  the  debris  which  has  naturally  fallen  from  a  ledge. 
These  correspond  with  the  eminences  in  non-glaciated  regions  where  the  rocks 
have  decayed  and  have  been  buried  in  their  own  ruins.  From  one  point  of  view 
all  the  Presidential  mountains  are  reverting  to  this  condition.  Secondly,  I  pointed 
out  *  in  1880  the  &ct  that  the  angular  stones  are  sliding  down  the  mountain  sides  so 
as  to  resemble  local  moraines.  They  form  sloping  terraces,  whose  tops  are  grassed 
over  and  the  escarpments  consist  of  loose  blocks  which  have  not  all  reached  their 
final  state  of  equilibrium.  I  fancied,  also,  there  was  a  tendency  in  the  blocks  to 
radiate  from  the  outer  edges  of  the  terraces.  They  are  really  a  species  of  flood- 
plain  accumulation.  I  observed  one  block  of  stone  about  9  feet  long  and  3  wide, 
which  had  been  split  from  a  larger  piece,  upon  ground  slightly  sloping  and  had 
been  moved  about  a  rod.  It  had  crept  down  the  slope,  probably  when  it  was  icy 
underneath.  Its  motion  was  undeniable,  as  its  matrix  was  visible ;  so  it  would 
apiiear  probable  that  all  the  stones  in  these  terraces  have  been  slowly  creeping 
downhill,  but  falling  considerable  distances  when  the  slope  was  steep  enough. 
These  terraces  are  sufficiently  extensive  and  abundant  to  find  a  place  upon  surface- 
geology  maps  of  a  large  scale. 

Fmally,  glaciation  has  been  complete  all  over  the  White  mountains.  We  are 
compelled  to  explain  why  the  ice  has  climbed  from  the  low  level  of  the  Saint  Iaw- 
rence  and  has  overridden  the  high  Montalban  watershed.  The  motion  of  the 
glacial  ice  was  so  irresistible  that  this  elevated  ridge  has  not  prevented  its  onward 
niatt*h.  We  can  also  satisfy  ourselves  as  to  the  minimum  thickness  of  the  ice-sheet 
and  the  slope  of  the  surface  from  the  point  over  Mount  Washington  to  the  sea- 
level.  The  object  of  this  paper,  however,  is  not  to  discuss  these  and  related  ques- 
tions, but  simply  to  show  that  the  evidence  of  glaciation  over  the  highest  of  the 
^^llite  mountains  has  been  satisfactorily  substantiated. 

The  scientific  program  was  declared  closed. 

*AmoDg  the  Clouds,  August  7, 1880. 


38  PROCEEDINGS  OF   MADISON   MEETING. 

Professor  R.  D.  Salisbury  moved  the  appointment  of  a  committee  of 
three  to  send  greeting  in  the  name  of  the  Society  to  Professor  B.  K.  Em- 
erson, who  was  unable  to  attend  on  account  of  injury  in  a  railroad  acci- 
dent. The  motion  was  voted,  and  the  Chair  named  as  such  committee 
R.  D.  Salisbury,  G  Frederick  Wright  and  H.  S.  Williams. 

The  following  resolutions  were  presented  by  W  J  McGree  and  unan- 
imously voted : 

Resolvedf  That  the  cordial  thanks  of  the  Society  be  extended  to  the  University 
of  Wisconsin  for  the  use  of  rooms  and  for  various  facilities  enjoyed  during  the 
present  meeting ;  and 

R€9olvedy  That  the  Society  express  hearty  appreciation  of  the  earnest  and  emi- 
nently efficient  efforts  of  the  Local  Committee  to  render  this  meeting  agreeable 
and  successful. 

Acting  President  Chamberlin  made  a  few  appropriate  remarks  and 
declared  the  Fifth  Summer  Meeting  adjourned. 
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The  following  Fellows  were  in  attendance  at  the  meeting : 

Robert  Bell.  V.  F.  Marsters. 

William  P.  Blake.  H.  B.  Nason. 

Samuel  Calvin.  Harry  Fielding  Reid. 

T.  C.  Chamberlin.  Israel  C.  Russell. 

E.  W.  Claypole.  Rollin  D.  Salisbury. 

N.  H.  Darton.  Fred.  W.  Sardeson. 

H,  L.  Fairchild.  J.  W.  Spencer. 

A.  C.  Gill.  J.  Stanley-Brown. 

Ulysses  S,  Grant.  John  J.  Stevenson. 

L.  S.  Griswold.  a.  S.  Tiffany. 

Wm.  F.  E.  Gurley.  E.  0.  Ulrich. 

Wm.  H.  Hobbs.  Warren  Upham. 

J.  A.  Holmes.  C.  R.  Van  Hise. 
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Introduction. 


Tables  of  analyses  of  coals  from  the  Pennsylvania  bituminous  areas 
show  that  the  proportion  of  volatile  combustible  matter  decreases  toward 
the  east,  though  the  rate  of  decrease  is  not  regular  and  differs  in  the  dif- 
ferent beds.  The  decrease  is  even  more  marked  in  that  portion  of  the 
state  lying  eastward  from  the  bituminous  areas,  for  there  one  finds  the 
passage  from  aemi-])ituminous  to  the  hard  dry  anthracite  of  the  Middle 
fields. 

Pennsylvania  Coal  Aueas. 

general  extent. 

A  general  knowledge  of  the  features  and  relations  of  the  several  coal 
fields  or  geologic  basins  in  Pennsylvania,  as  well  as  of  their  extensions 
toward  the  south,  is  absolutely  essential  to  an  intelligent  discussion  of  the 
cause  of  the  decrease  in  volatile.  The  portions  of  these  basins  or  areas 
lying  within  Pennsylvania  was  described  by  Professor  H.  D.  Rogers  in 
his  final  report  on  the  geology  of  the  state,  to  which  the  reader  is  referred 
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for  details  beyond  those  given  here.  It  should  be  remembered  in  this 
connection  that  while  the  general  trend  of  the  Appalachian  chain  is 
from  north-northeast  to  south-southwest,  yet  the  system  describes  many 
curves,  so  that  in  some  portions  of  its  course  the  trend  is  almost  east  and 
west,  a  fact  exceedingly  important  in  its  bearing  upon  the  value  of  com- 
parisons made  along  certain  lines. 

Immediately  beyond  the  South  mountain  or  Blue  ridge  is  the  Great 
valley  which,  with  many  names,  extends  almost  unbroken  from  New 
England  to  Alabama  and  is  bounded  on  its  northwesterly  side  by  a 
inonoclinal  ridge  known  in  Pennsylvania  as  Kittatinny  or  North  moun- 
tain, but  by  many  names  in  its  course  through  Virginia. 

GEOLOOJC  STRUCTURE. 

The  first  coal-bearing  area  is  the  somewhat  complex  region  lying  be- 
tween the  Kittatinny  and  the  Alleghany  mountain,  the  latter  an  irregular 
ridge  traceable  from  Luzerne  county  southward  almost  to  the  Maryland 
line,  where  it  becomes  an  anticlinal  with  the  Cumberland  or  Potomac 
coal  field  at  its  easterly  foot.  In  a  general  way,  disturbance  was  much 
greater  within  the  valley  than  within  this  seeond  area,  for  Cambrian  and 
Silurian  rocks  prevail  in  the  former,  whereas  those  rocks  are  deeply 
buried  in  much  of  the  latter.  In  its  northward  extent,  the  latter  is, 
comparatively  speaking,  a  broad,  gently  folded  area,  in  which  rocks  older 
than  the  Devonian  are  rarely  shown  and  the  Coal  Measures  have  been 
preserved  in  deep  synclinals  known  as  the  anthracite  fields.  Southward 
the  plication  is  greater ;  new  and  abrupt  folds  make  their  appearance, 
so  that  in  the  central  and  other  counties  of  Pennsylvania  almost  to  the 
Maryland  line,  the  Lower  Silurian  is  present  in  broad  spaces  and  Upper 
Silurian  is  a  striking  feature  of  the  scenery.  Still  further  southward, 
faults,  for  the  most  part  insignificant  in  this  portion  of  Pennsylvania, 
become  more  and  more  numerous  until  in  southwest  Virginia  they  are 
the  characteristic  structural  features. 

ANTHRACITE  STRIP. 

As  the  result  of  this  increasing  plication  southward,  the  Southern  and 
possibly  the  Middle  anthracite  fields  have  no  representatives  in  the 
southern  counties  of  Pennsylvania,  but  the  synclinal  of  Licking  moun- 
tain, in  Fulton  county,  just  fails  to  hold  the  Coal  Measures ;  it  is  where 
the  representative  of  the  Southern  field  should  be.  The  Northern  or 
Wyoming-Wilkesbarre  field  is  represented  in  Huntingdon,  Fulton  and 
Bedford  counties  by  the  Broad  Top  coal-field,  while  still  further  south- 
westward  and  almost  20  miles  nearer  the  Alleghany  mountain  is  the 
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Savage  mountain  synclinal,  holding  the  Cumberland  coal  field  of  Mary- 
land and  Virginia.  These  two  fields  are  in  such  relation  geographically 
to  the  Alleghany  mountain  on  the  one  side  and  to  the  North  or  Kitta- 
tinny  mountain  on  the  other,  that  either  one  of  them  may  be  taken  aj» 
practically  representative  of  the  Northern  anthracite  field. 

RITVMINOIS  BASINS. 

Beyond  the  Alleghany  mountain  one  comes  to  the  bituminous  coal 
basins,  which  are  sharjily  defined  in  the  southern  portion  of  Pennsyl- 
vania, but  become  less  and  less  defined  northward,  and  soon  disappear 
southward. 

The  first  basin  beyond  the  Alleghany  mountain  has  the  bold  axis  of 
Laurel  hill  as  its  western  boundary  in  West  Virginia  and  southern  Penn- 
sylvania, embracing  Somerset  and  Cambria  counties  in  the  best  defined 
portion.  Northward  the  trough,  ascending,  becomes  shallower,  but  it 
can  be  traced  without  difficulty  to  the  New  York  line,  holding  small 
patches  of  coal  in  Lycoming,  Sullivan  and  Wyoming,  the  latter  two 
being  in  what  is  termed  the  I^oy^^lsock  coal-field.  It  forms  part  of  the 
Mahoopeny  mountain  in  the  Loyalsock  area,  and  is  part  of  the  Alleghany 
mountain  in  Lycoming,*  Centre  and  Clinton  counties. 

The  second  basin  is  well  known  in  southern  Pennsylvania  as  the  Ligo- 
nier  valley,  bounded  for  more  than  100  miles  in  Pennsylvania  by  the  anti- 
clinals  forming  Laurel  and  Chestnut  hills  or  mountains.  At  the  south 
it  becomes  well  defined  first  at  not  far  beyond  the  Baltimore  and  Ohio 
railroad  in  West  Virginia,  and  embraces  parts  of  Harrison,  Taylor  and 
Preston  counties.  It  enters  Pennsylvania  in  eastern  Fayette,  and  con- 
tinues through  Fayette,  Westmoreland,  Indiana,  Clearfield,  Lycoming 
and  Bradford  counties,  its  last  areas  of  coal  being  the  Ralston  in  Lycom- 
ing and  the  Barclay  in  Bradford.  Its  coal-field  cejises  to  be  continuous 
beyond  the  Susquehanna  river,  which  crosses  it  at  Karthaus. 

The  third  basin  is  a  broad  area,  consisting,  along  the  Pennsylvania 
railroad,  of  three  sub-basins,  which  are  well  defined  in  Westmoreland 
county ;  but  the  basin  practically  becomes  one  at  a  short  distance  south 
from  the  Pennsylvania  line  in  West  Virginia.  It  embraces,  in  Pennsyl- 
vania, the  Coke  basin  of  Conncllsville,  the  Greensburg  basin  of  West- 
moreland county  and  the  Lisbon  basin  of  (4roene,  Fayette,  AVestmore- 
land  and  Indiana.  Northward,  how^ever,  these  sub-bjisins  disappear,  the 
troughs  become  very  shallow,  and  at  length  only  isolated  tracts  of  coal 
remain,  as  at  Blossburg,  in  Tioga  county,  on  the  narrow  vSynclinal  ridge 
crossing  into  Bradford  county. 

The  fourth  basin  is  bounded  by  a  bold  anticlinal  crossing  the  Ohio 
river,  just  below  Pittsburg.     It  em])races,  north  from  that  river,  parts  of 
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Armstrong,  Jefferson,  Elk,  Cameron,  Potter  and  Tioga  counties,  the  most 
northerly  exposure  of  coal  being  on  Driftwood  creek  in  the  last-named 
county. 

The  fifth  basin  is  bounded  at  the  west  by  the  Brady's  Bend  anticlinal, 
which  is  persistent  to  the  northern  line  of  the  state.  It  embraces  por- 
tions of  Allegheny,  Armstrong  and  Clarion  counties,  and  crosses  southeast 
McKean  into  Potter  county,  where  the  Coal  Measures  ai)pear  in  small 
areaii  of  insignificant  value. 

The  sixth  basin  embraces  the  rest  of  northwest  Pennsylvania,  and  may 
be  regarded  as  including  all  that  remains  of  the  bituminous  region  in 
Pennsylvania  and  Ohio,  for  beyond  the  Brady's  Bend  axis  the  folds  are 
petty  and  without  great  extent  along  the  strike. 

RELATION  TO  MARYLAND  AND  VIRGINIA  COAL  AREAS. 

Practically,  the  last  four  basins  become  one  at  the  south.  Certainly 
the  third  and  fourth  may  be  regarded  as  one  at  but  a  little  way  south- 
ward beyond  the  West  Virginia  line,  while  at  50  miles  south  from  the 
Baltimore  and  Ohio  railroad,  in  that  state,  the  first  and  second  have 
coalesced  with  each  other  and  with  the  third,  owing  to  the  steady  de- 
pression of  the  anticlinals  in  that  direction.  Soj^then,  what  are  the  con- 
ditions in  these  basins  ? 

Along  a  line  drawn  from  central  Ohio  eastwardly  tlirough  southern 
Pennsylvania  to  the  Cumberland  coal  basin,  one  finds  gentle  dips,  rarely 
exceeding  one  or  two  degrees,  until  the  Coke  basin  is  reached  at,  say,  50 
miles  southeast  from  Pittsburg,  where  they  become  steeper,  reaching  4° 
or  5°  in  the  bottom  of  the  trough,  and  becoming  10°  to  12°  on  the  side 
of  the  Chestnut  hill  anticlinal.  Eastward  no  material  change  in  rate  of 
dip  is  found  until  beyond  the  Alleghany  mountain,  the  westward  dip  in 
that  monoclinal  seldom  exceeding  10°.  To  all  intents  and  purposes,  the 
dips  in  the  first  and  second  bituminous  basins,  as  well  as  in  the  first  sub- 
division of  the  third,  are  the  same ;  the  last,  however,  the  most  westerly, 
^fhows  a  higher  dip  in  the  bottom  of  the  trough  than  is  seen  in  the  others. 
But  in  the  strip  between  the  Alleghany  and  the  North  or  Kittatinny 
numntain  the  folds  are  numerous,  often  bold  anticlinals  cut  into  mono- 
rlinals,  showing  Lower  Silurian  or  even  Cambrian  rocks  in  the  inter- 
vening valleys,  while  still  further  toward  the  Blue  ridge,  in  the  Great 
valley,  inverted  folds  are  by  no  means  rare. 

Extent  of  Deformation  of  the  several  Coal  Basins. 

If,  however,  one  study  the  conditions  on  either  side  of  this  line  he 
will  find  that  it  is  by  no  means  rei)resentative  of  the  conditions  for  any 
extended  area  north  or  south  from  it.     Northward,  in  all  of  the  basins 
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the  folding  diminishes  and  the  axes  are  insignificant  long  before  the 
plateau  area  of  northern  Pennsylvania  and  southern  New  York  has  been 
reache<l ;  the  structure  becomes  simpler  as  the  evidences  of  disturbance 
become  less  in  that  direction.  Thus,  between  the  Alleghany  and  the  Kit- 
tatinny,  the  many  and  great  folds  of  Maryland  and  of  the  southern  coun- 
ties of  Pennsylvania  become  fewer  and  less  bold,  the  synclinals  broader 
and  deeper ;  so  that  instead  of  the  single  area  of  Coal  Measures,  that  of 
Broad  Top  « itself  due  to  the  northward  decrease  of  three  strong  anticlin- 
als),  one  finds  the  several  anthracite  fields  in  northeastern  Pennsylvania. 
The  same  general  statement  holds  good  with  respect  to  the  other  basins. 
Southward  the  condition  is  similar  except  in  the  strip  east  from  the  Alle- 
ghany mountain,  and  yet  the  difference  is  very  noteworthy.  The  degree 
of  disturbance  in  the  region  west  from  the  Alleghany  steadily  decreases 
southward  along  the  strike,  and  the  basins  soon  become  merged ;  at  least, 
the  folds  limiting  them  become  so  gentle  as  to  be  followed  with  some 
difficulty.  Even  the  magnificent  anticlinal  representing  the  Alleghany 
alongside  of  the  Cumberland  coal-field  in  Maryland,  after  attaining  its 
maximum  in  Randolph  county  of  West  Virginia,  (juickly  diminishes  so  as 
to  cause  comparatively  small  interruptions  in  the  dip  on  the  lower  New 
river — just  enough  to  keep  the  C'oal  Measures  from  passing  under  that 
stream  for  a  long  distance.  The  contrast  between  the  southern  and  the 
northern  conditions  is  very  great.  At  the  north  the  basins  are  canoe- 
shaped  and  become  shallower,  the  bottom  rising  so  that  lower  and  lower 
rocks  api»ear  in  succession  as  the  higher  ones  i)ass  into  the  air.  At  the 
south,  in  West  Virginia,  the  anticlinals  are  lowered  so  that  the  higher 
rocks  pass  over  them.  Thus  the  detached  prongs  of  the  Upper  Coal 
Measures  in  southern  Pennsylvania  become  united  as  the  Pittsburg 
coal  bed  crosses  tlie  diminishing  anticlinals.  The  Chestnut  hill  anti- 
clinal attiiins  its  maximum  in  southern  Pennsylvania,  near  the  old  Na- 
tional road,  where  the  uj)per  Chemung,  to  a  thickness  of  several  hundred 
feet,  is  exposed  at  the  summit,  about  2,5(X)  feet  above  tide.  But  at 
barely  40  miles  away,  in  West  Virginia,  the  Pottsville  crosses  this  fold 
at  989  feet  above  tide,  while  at  20  miles  further  the  Pittsburg  coal-bed 
also  crosses  the  axis  at  a  slightly  greater  altitude.  Tlie  depression  of 
the  fold  in  this  interval  is  not  less  than  2,oOO  feet.  It  is  probably  much 
more,  because  tlie  Carboniferous  groups  thicken  rai)idly  in  that  direc- 
tion. There  is  then  a  decrease  of  disturbance  southward  toward  the 
border  of  Kentucky  and  Tennessee  in  these  so-called  bituminous  basins. 
The  conditions  in  the  strip  between  the  Alleghany  and  Kittatinny 
mountains  are  (juite  different.  Extensive  coal  areas  exist  further  north- 
ward, nieasured  along  the  strike,  than  in  the  other  region,  for  the  great 
eastward  curve  of  the  Blue  ridge  in  the  northerly  portion  makes  i)ossible 
broader  and  less  abrui)t  folds ;  but  from  central  Pennsylvania  southward 
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the  strip  becoraes  narrower  and  the  folding  more  abrupt.  Faults  become 
more  markedly  characteristic  until  in  central  and  southern  Virginia  they 
are  to  be  looked  for  as  the  natural  explanation  of  irregularities  on  the 
eastern  side  of  the  strip.  So  much  is  this  the  case  that  one  cannot  well 
draw  a  line  by  which  to  separate  in  southern  Virginia  the  two  areas  of 
Pennsylvania  between  the  Alleghany  mountain  and  the  Blue  ridge. 
The  Pocono  coals  are  exposed  again  and  again  by  the  faults  even  in  the 
(xreat  valley,  while  the  Coal  Measures,  in  what  must  be  taken  as  equiv- 
alent lo  the  anthracite  strip  of  Pennsylvania,  are  involved  for  long  dis- 
tances in  the  faulted  areas.  The  extent  of  the  disturbance  in  Virginia 
is  much  greater  than  at  any  locality  in  Pennsylvania,  the  faulting  some- 
times exceeding  12,000  feet. 

It  is  sufficiently  clear  that  to  generalize  from  the  conditions  of  structure 
observed  along  the  line  from  central  Ohio  across  southern  Pennsylvania, 
without  careful  consideration  of  the  conditions  both  north  and  south 
from  that  line  would  be  dangerous,  as  liable  to  lead  to  serious  error. 

Anthracite  op  Arkansas. 

Variation  in  proportion  of  volatile  combustible  matter,  such  as  is  ob- 
served in  Peryisylvania,  occurs  in  other  regions.  The  one  of  most  interest 
in  this  connection  is  that  of  western  Arkansas. 

The  existence  of  anthracite  or  semi-anthracite  in  western  Arkansas 
was  announced  by  Dr.  D.  D.  Owen*  thirty-five  years  ago  in  his  descrip- 
tion of  the  coal  mine  at  Spadra,  in  Johnson  county.  Additional  notes 
respecting  the  coals  of  Johnson  county  were  given  in  a  later  report ;  f 
but  Dr.  Owen's  study  of  the  coals  was  merely  such  as  could  be  made 
during  a  preliminary  reconnoissance,  so  that  the  relations  of  these  beds 
to  those  in  counties  further  west  or  in  the  area  immediately  beyond, 
within  Indian  territory,  were  not  determined. 

The  first  distinct  statement  respecting  the  succession  of  the  Coal  Meas- 
ures in  western  Arkansas  was  given  by  Mr  Winslow.t  He  found  about 
3,750  feet  of  measures,  which  he  separates  into  three  divisions : 

The  Wertem  or  Upi^er  Coal-bearing  Division,  conBiHting  of  sandstone 
and  sliale 3,000  feet. 

The  Intermediate  Barren  Division,  consisting  of  shale  and  8andst<:)ne. . .      500  feet. 

The  Eastern  or  Lower  Coal-bearing  Division,  consisting  of  dark  fissile 
*^liale 250  feet. 

•Uwen:  First  Report  of  a  Geological  RfoonnnisManoe  of  tlie  northeru  Counties  of  Arkansas, 
H«^  p.  130  et  wjq. 

t'>wen:  Second  Report  of  a  Geological  Reoonnaii>8ance  of  the  middle  and  southern  Countien  of 
Arkaii4a»,  IIMJO,  pp.  84-«A. 

I  AdduaI  Report  of  the  Geological  Survey  of  Arkansas  for  188S,  vol.  iii.  The  Geology  of  the  Coal 
Begions,  by  Arthur  Winslow,  pp.  10-26. 
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The  coal-beds  of  tlie  upper  division  are  thin  and  variable,  but  ono. 
near  the  bottom,  is  mined  at  many  localities  between  the  state  line  at 
the  west  and  Johnson  county  at  the  east.  The  Intermediate  division  is 
practically  barren,  thoujxh  occasionally  a  bed  develops  into  local  impor- 
tance. One  opening  in  northeast  Franklin  county  yields  a  coal  who^f■ 
composition  is  not  without  interest  in  a  discussion  of  some  hypothese:?. 
The  Lower  division  contains  a  persistent  bed  near  the  bottom  which  i? 
mined  in  Johnson  and  Pojie  counties. 

Dr.  Owen  gives  results  of  analyses  of  coals  collected  by  him,  but  they 
differ  so  radically  from  those  obtained  by  Professor  Brackett  for  thv 
recent  Geological  Survey  of  Arkansas  and  given  in  Mr  Winslow's  report 
that  the  two  series  cannot  be  compared.* 

The  results  of  analyses  presented  by  Mr  Winslow  are  instructive  in 
view  of  some  theories  which  have  been  offered  to  account  for  the  varia- 
tion in  volatile  in  the  coals  of  Pennsylvania  and  elsewhere,  and  reference 
to  them  will  be  made  more  than  once  in  the  i)ages  to  follow.  The  dis^- 
tance  from  the  state  line  to  the  last  mine  at  the  east,  represented  in  the 
analyses,  is  not  more  than  G4  miles,  and  there  is  an  intermediate  sjmce 
of  nearly  26  miles  between  the  first  group  of  analyses  near  the  state  lint* 
and  the  second  group  in  the  more  easterly  counties;  yet  the  illustration 
suffices  for  the  purposes  of  this  discussion.  Arranged  in  geographical 
order,  the  results  show — 

First.  That  the  cC)al  of  the  upi)er  division  contains  more  of  volatile 
combustible  matter  than  does  that  of  the  lower  division,  even  where  the 
localities  are  but  little  sej)arated. 

Second.  That,  in  a  general  way,  the  decrease  in  proportion  of  volatile 
combustible  is  in  an  easterly  direction. 

The  latter  statement  must  be  made  in  this  qualified  manner.  The 
lowest  j)ercentage  of  volatile  is  in  the  eastern  counties,  but  the  decrea^^e 
in  that  direction  is  by  no  means  regular.  The  analyses  are  numbertMl 
from  the  highest  volatile  to  the  lowest,  number  27  being  the  semi- 
anthracite.  I  have  arranged  those  which  arc  nearly  on  the  same  line 
according  to  their  geographic  position,  giving  under  each  its  approxi- 
mate distance  in  miles  east  from  the  state  line. 

Upper  division : 

Niiinbora 4     12    10      1     16      8    14     15      3  18 

Miles 2      5     10    11     i:\    24     26    38    40  41 

Intermediate  division: 

NiinilK^r 5 

Miles 39 

*  Thp  difference  must  ho  due  to  the  metnod  of  samplinR.  The  remarkftble  purity  of  the  Sp«drft 
coal,  ftH  shown  by  the  Owen  rtniilyKes,  «ugm'Hts  that  only  hand  BpoeimenB  were  used,  wherejw  the 
results  obtained  by  Professor  Bra<'kett  indicuto  careful  sampling. 
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Lower  division : 

Numbers 24    23    26    22    25    21    27 

Miles 40    42    50    51    56    70    72 

Despite  these  anomalies,  which  tell  us  that  much  remains  to  be  learned 
respecting  the  variations  in  these  coals,  there  can  be  no  doubt  that  the 
proportion  of  volatile  is  less  at  the  east  than  at  the  west,  and  the  contrast 
becomes  more  marked  if  the  comparison  be  made  with  the  western  exten- 
sion of  this  field  in  Indian  territory,  for  there  the  percentage  of  volatile 
rises  to  30,  giving  a  fuel  ratio  of  2.11,  whereas  the  lowest  ratio  given  by 
Mr  Winslow  for  Arkansas  is  3.51. 

Mr  Winslow  calls  attention  to  the  fact  that  the  decrease  in  volatile  is 
in  the  direction  of  decreasing  disturbance  in  the  rocks;  that  in  the 
western  counties  there  is  a  system  of  flexures  recalling  the  Pennsylvania 
conditions,  but  no  such  system  exists  in  the  anthracitic  counties  where 
"  there  are  very  few  folds  of  any  kind  and  a  nearly  horizontal  stratigraphy 
characterizes  the  coal  areas." 

Anthracite  Field  of  Donetz,  Russia. 

A  brief  reference  may  be  made  to  the  anthracite  field  in  southern 
Russia  west  from  the  Donetz  river  which  Murchison  *  has  described.  If 
one  follow  any  of  the  zones  along  the  strike  from  the  tracts  where  lime- 
stone abounds,  he  finds  the  calcareous  matter  thinning  out  toward  the 
east,  and  with  this  alteration  comes  a  great  decrease  in  the  "  carbonaceous 
matter,"  the  bituminous  coal  disappearing  and  its  place  being  taken  by 
anthracite.  In  proceeding  from  north  by  west  to  south  by  east  through 
the  hilly  steppes  north  from  Novo  Tscherkash  one  finds  the  limestone 
thinning  out  to  insignificant  bands,  \vhile  the  sandstones  and  shales 
become  hard.  With  these  changes  in  the  associated  rocks  the  coal  seams 
become  less  and  less  bituminous  until  they  assume  all  the  characters  of 
pure  anthracite. 

Murchison  notes  that  the  line  of  the  anthracite  coal  coincides  with 
that  of  the  crystalline  axis  of  the  southern  steppes. 

Variation  in  the  volatile  Combustibles  in  Pennsylvania  Coals. 

The  apparent  law  of  variation  in  volatile  combustible  material  so 
attracted  the  attention  of  Pennsylvania  geologists  that  efforts  have  been 
made  more  than' once  to  formulate  a  satisfactory  hypothesis,  accounting 
not  for  the  origin  of  anthracite  as  such,  but  for  the  origin  of  the  Penn- 
sylvania anthracite,  associated,  as  it  is,  with  all  intermediate  grades  and 

^MarchisoD:  Geology  of  Russia  and  the  Ural  Mountains,  vol.  i,  pp.  100,  lol. 
VII-BuLU  Gitoi..  Soc.  Am.,  Vol.  5.  1893. 
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forming  a  regular  series  to  bituminous  coal  with  very  high  percentage  of 
volatile* 

HYPOTHESES  AS  TO  CAUSES  OF  VARIATION. 

Rogers^s  Hypothesis, — The  first  elaborate  discussion  was  that  presente<l 
by  Professor  H.  D.  Rogersf  at  the  third  meeting  of  the  American  Asso 
ciation  of  Geologists.  He  states  that  "  there  prevails  a  very  interesting 
law  of  gradation  in  the  quantity  of  the  volatile  itiatter  belonging  to  tlie 
coal,  as  we  cross  the  Appalachian  basin  from  the  southeast  to  the  north- 
west." This  law  involves  *'  a  progressive  increase  in  the  proportion  of 
the  volatile  matter,  passing  from  a  nearly  total  deficiency  of  it  in  the 
driest  anthracites  to  an  ample  abundance  in  the  richest  coking  coal." 
This  conclusion  is  based  upon  '^a  multiplied  chemical  analysis"  and  ii» 
regarded  as  applicable  to  the  whole  region  between  the  northeastern 
termination  of  the  Coal  Measures  in  Pennsylvania  to  the  latitude  of 
Tennessee. 

He  describes  the  several  basins  and  discusses  the  character  of  the  coal 
in  each. 

First.  **  The  southeastern  cliain  of  basins,"  answering  practically  to 
the  region  between  the  Alleghany  and  the  Kittatinny,  but  embracing  at 
least  i)art  of  the  Great  valley  in  Virginia.  Here  he  finds  the  coal  to  be 
anthracite  for  the  most  part,  with  some  slightly  bituminous  fields  as 
Broad  Top  and  the  areas  in  Virginia,  the  volatile  varying  from  6  to  12 
or  14  per  cent. 

Second.  The  well  defined  range  of  basins  immediately  northwest  of 
the  Alleghany  mountain  in  Pennsylvania,  the  Potomac  basin  in  nearly 
the  same  line  and  the  coal-fields  of  Big  and  Little  Sewell  mountains  on 
the  Kanawha  and  lower  New  river  of  West  Virginia.  The  undulations 
are  broad  and  gentle,  the  region  being  west  of  steep  flexures  and  beyond 
all  considerable  dislocations.  The  volatile  varies  from  16  to  22  per  cent. 
This  includes  the  first  and  second  bituminous  basins  of  Pennsylvania. 

Third.  The  great  Appalachian  biisin,  which  includes  the  third  and 

remaining  bituminous  basins  in  Pennsylvania,  as  well  as  their  southern 

—  ___     ___     ..     -     _._  , 

♦  Professor  Persifor  Frazer  has  mIiowd  (TranM.  Amer.  Inst.  Mining  Engineers,  vol.  vi» )  that  it  is 
impossible  to  compare  coals  unlojjs  the  impuritioH  be  ignored.  He  recommended  a  n*tiirn  to 
the  method  used  by  Professer  Johnson  many  years  ago,  in  which  the  ratio  between  the  volatile 

and  the  fixed  combustible  matter  wtis  used  as  the  basis  of  comparison.    Tiie  formuhi  is  ^^^v — 7 

the  fixed  carbon  divided  by  the  volatile  hydrocarbon.    Thus  the  grouping  becomes— 

Hard  dry  anthracite KKJ  to  12 

Semi-anthracite 12  to    8 

Semi-bituminous 8  to    6 

Bituminous 6  to    0 

t  Rogers :  Reports  of  the  First,  Second  and  Third  Meetings  of  the  Assooiatton  of  American 
Geologists  and  Naturalists,  1813,  p.  470  et  t»eq. 
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extension  in  West  Virginia,  Ohio  and  Kentucky.    The  folds  are  gentle 
and  the  bituminization  increases  northwestward  from  31  per  cent,  at  th 
southeast  to  40  or  43  per  cent,  near  the  western  side  of  Pennsylvania 
and  on  the  Kanawha  river  in  West  Virginia. 

The  variation  in  degree  of  bituminization  of  the  coal  in  diflferent  por- 
tions of  the  region  is  attributed  to  the  prodigious  quantity  of  intensely 
heated  steam  and  gaseous  matter  escajiing  through  crevices  necessarily 
produced  during  the  permanent  bending  of  the  strata.  The  elevation  of 
the  coal  rocks  must  have  been  accompanied  by  the  escape  of  an  immense 
amount  of  hot  vapors,  whose  influence,  cannot  be  overlooked  upon  any 
hypothesis  of  the  rending  and  elevation  of  great  mountain  tracts.  The 
coal  throughout  the  eastern  basins,  if  thus  effectually  steamed,  would 
discharge  more  or  less  of  its  volatile  constituents  as  the  strata  were  more 
or  less  violently  undulated  by  earthquake  action.  The  more  western 
beds,  more  remote  from  the  scene  of  violent  action,  less  crushed  and 
broken,  would  be  less  extensively  debituminized. 

The  entire  absence  of  true  eruptive  rocks  in  the  anthracite  fields, 
which  might  have  caused  the  change,  is  a  circumstance  which  lends 
great  support  to  this  theory.  The  bitumen  in  the  coal  augments  west- 
ward, precisely  as  the  flexures  diminish.  No  such  law  of  gradation 
could  result  from  transmission  of  heat  from  the  general  lava  mass  below 
the  crust,  for  that  would  involve  a  corresponding  increasing  gradation 
in  thickness  of  crust  westward,  which  is  in  conflict  with  the  diminishing 
thickness  of  Appalachian  rocks  westward  and  contrary  to  correct  geo- 
thennal  considerations. 

Professor  Rogers  resumed  the  discussion  in  his  final  report,*  and  gave 
additional  matter  respecting  the  variation  of  volatile  in  the  anthracite 
basins.  The  increase  of  volatile  is  not  along  a  northwest  and  southeast 
line,  but  along  an  east  and  west  line,  "  or,  perhaps,  more  exactly,  toward 
the  west- northwest."  The  occurrence  of  semi-anthracite  as  well  as  of 
8emi-bituminous  coal  in  the  Southern  anthracite  field  is  described.  The 
absence  of  semi-bituminous  in  the  other  anthracite  fields  is  accounted 
for  by  the  fact  that  they  do  not  extend  far  enough  to  the  westward, 
reaching,  as  they  do,  barely  to  the  line  of  semi-anthracite  in  the  Southern 
field.  There  is  a  decided  increase  in  volatile  westward  in  these  fields.f 
The  intensely  anthracitic  condition  at  the  easterly  end  of  the  basins  is 
accounted  for  by  proximity  to  the  region  of  dikes,  which  are  especially 
numerous  between  the  Delaware  and  Schuylkill  rivers,  but  less  abun- 
dant between  the  latter  stream  and  the  Suscjuehanna.  Professor  Rogers 
calls  attention  to  the  cracked  or  jointed  condition  of  the  coal  as  affording 
means  for  rapid  escape  of  the  gases 


*  Rogers  :  The  Geology  of  Pennsylvania,  vol.  2, 1853,  p.  995  et  seq. 
fThis,  it  mast  be  remembered,  ia  in  the  direction  of  trend. 
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Owen^s  Hypothesis. — The  occurrence  of  anthracite  coal  in  Arkansas 
among  undisturbed  rocks  and  at  60  miles  away  from  the  nearest  igneous 
rocks  led  Dr  D.  D.  Owen*  to  surmise  that  the  heat  necessary  for  the 
conversion  of  bituminous  coal  into  anthracite  must  have  been  derived 
from  "  granite  and  other  hypogene  (nether-born)  rocks  "  near  enough  the 
surface  to  have  ])ermeated  the  strata  with  heated  vapors  or  gases,  which 
expelled  the  greater  part  of  the  gaseous  matter,  or  else  the  coal  has  been 
subject  to  some  extraordinary  chemical  agency  by  which  CH^  has  been 
removed.  He  cannot  think  that  the  Spadra  coal,  so  different  from  that 
only  a  few  miles  further  west,  can  owe  its  present  composition  to  any 
difference  in  the  vegetation.  Its  *^  peculiar  fissured  structure  favors  tlie 
idea  that  the  volatile  matter  has  been  expelled  by  a  process  more  raj)i(i 
than  can  be  attributed  to  slow  chemical  changes,  unaided  by  an  eleva- 
tion of  temperature." 

Stevenson^s  Hypothesis. — In  1877  J.  J.  Stevenson,t  discussing  the  varia- 
tions of  volatile  shown  by  the  Pittsburg  coal-bed  in  southwestern  Penn- 
sylvania and  the  adjacent  portion  of  AVest  Virginia  and  Maryland, 
antagonized  the  theory  that  debituminization  of  the  coal  toward  the 
southeast  is  due  to  increased  disturbance  in  that  direction.  He  showed 
that  there  is  practically  no  increase  in  extent  of  disturbance  from  the 
first  subdivision  of  the  third  bituminous  basin  southeastward  to  the  first 
bituminous  basin,  so  that  heat  due  to  the  transformation  of  mechanical 
force  cannot  be  regarded  as  the  cause  to  which  the  debituminization  is 
due.  He  gave  illustrations  of  noteworthy  changes  in  structure  of  tlie 
coal-bed  eastward  in  the  several  basins,  and  concluded  that  the  difference 
in  volatile  is  due  to  difference  in  conditions  under  which  the  coal  was 
formed. 

Ijcsley's  Hypothesis. — In  1879  Professor  J.  P.  LesleyJ  inserted  a  discus- 
sion of  this  question  into  Mr  A.  S.  McCreath's  second  report  on  the 
chemical  work  of  the  survey.  In  this  he  tabulated  the  analyses  pre- 
sented by  Mr  McCreath  in  the  previous  pages  and,  after  comparing  them, 
offered  some  suggestions,  each  of  which  deserves  serious  consideration. 

He  suggests,  first,  that  the  percentage  of  fixed  carbon  ought  to  increa.se 
with  depth  of  the  coal  beneath  the  surface,  for  the  earth's  temperature 
increases  one  degree  Fahrenheit  for  every  50  or  60  feet  of  depth.  In 
western  Pennsylvania,  however,  under  present  conditions,  the  efl'ect  ol 
this  increment  in  temperature  must  be  insignificant,  as  the  lowest  coal- 
bed,  the  Sharon,  is  but  l.()00  feet  below  the  Washington,  the  highest  of 

•Owon:  First  Report  of  a  Geological  ReconDainsance  of  the  northern  Counties  of  Arkansft.**. 
1858,  p.  131. 

t  Stevenson :  Second  Geol.  Survey  of  Penn.,  Report  of  ProgreMs  in  the  Fayette  and  Westmoreland 
District,  etc.,  part  i,  1H77,  p.  01  et  neq. 

X  Lesley:  Second  Geol.  Survey  of  Penn.,  Second  Report  of  Progress  in  the  Laboratory,  ete.,  l>>'^* 
p.  lo3  et  seq. 
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the  considerable  beds,  while  the  latter  is  but  1,100  feet  below  the  highest 
stratum  recognized  in  that  portion  of  the  Appalachian  basin.  Consider- 
ing the  whole  of  this  2,700  feet  of  rock  upon  the  Sharon,  that  bed  should 
have  a  constant  temperature  of  not  far  from  100®  F.  in  Washington 
county  of  Pennsylvania  -  or  about  30  degrees  more  than  that  of  the 
Washington  coal-bed  when  it  underlay  the  1,100  feet.  Comparing  the 
fuel  ratios  he  finds  in  the  two  coals — Washington,  1.19 ;  Sharon  (block), 
1.52 — a  difference  of  0.33  in  favor  of  the  lower  bed,  which  may  be  due  to 
greater  depth  of  cover  or  to  difference  in  botany  or  to  our  having  too  few 
analyses  for  obtaining  trustworthy  ratios  or  to  other  unknown  or  un- 
suggested  causes. 

He  calls  attention  to  the  fact  that  our  knowledge  is  incomplete  respect- 
ing the  extent  of  the  Coal  Measures  section ;  that  we  know  nothing  re- 
specting higher  measures  once  existing  in  southwestern  Pennsylvania, 
but  now  eroded  and  swept  away.  In  the  deeper  anthracite  basins  the 
C  oal  Meiisures,  above  the  Pottsville  conglomerate,  are  3,000  or  more  feet 
thick ;  and  the  type  of  the  topography  shows  that  still  higher  rocks  must 
have  existed,  though  now  they  have  been  removed.  He  discusses  the 
distribution  of  the  Permian  beds,  and  considers  that  they  must  have  in- 
creased eastward,  as  do  the  other  members  of  tlie  series,  so  as  to  make 
the  top  covering  very  thick  in  the  anthracite  fields  and  thinner  in  the 
bituminous  fields.  In  such  case  the  coal-beds  will  appear  to  have  been 
ifubjected  to  more  earth-heat  in  the  east  and  to  less  earth-heat  in  the 
west,  and  their  carbon  ratios  (so  far  as  this  cause  is  supposed  to  operate) 
will  be  presumably  higher  in  the  east  than  in  the  west,  as  it  undoubt- 
edly is- 

A  second  suggestion  arises  out  of  the  hypothesis  that  anthracite  is  due 
to  greater  oxidation  of  the  vegetable  matter.  Why  should  the  beds  of 
the  anthracite  basins  be  more  oxidized  than  those  of  the  bituminous 
tiekU?  The  rocks  in  the  undisturbed  western  fields  consist  largely  of 
clay,  while  those  of  the  eastern  fields  consist  more  largely  of  sand  and 
jiravel  strata,  so  that  oxidation  would  be  more  favored  in  the  latter. 
More,  the  undisturbed  clays  of  the  west  lute  down  and  almost  hermet- 
irMy  seal  the  underground  coals ;  the  disturbed,  semi-metamorphosed 
and  cracked-up  clay-slates  of  the  east  expose  tlieir  coals  throughout  to 
percolation,  evaporation  and  oxidation.     The  regions  differ  in — 

1.  Heavier  covering  of  Permian  at  the  east,  raising  earth-heat  of  the 
anthracite  beds. 

2.  Greater  constitutional  looseness  of  whole  pile  of  deposits  in  the  east, 
fiicilitating  [)ercolatioFi  and  oxidation. 

3.  Universal  fracturing  of  the  whole  pile  at  the  east,  facilitating  the 
exit  of  the  volatile  hydrocarbon. 
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Professor  Lesley  suggests,  in  addition,  the  factor  of  pressure  and  that 
of  plant  variation.  All  of  these  suggestions  were  offered  merely  aa  sug- 
gestions, not  to  formulate  any  hypothesis,  but  that  others  may  be  led  to 
a  careful  consideration  of  the  matter. 

Discussion  of  Hypotheses  based  on  Necessity  of  Metamorphism. 

Rogers  and  Owen  regard  anthracite  as  due  to  metamorphism  and 
Lesley  appears  to  favor  the  same  theory  of  origin.  Each  of  these  geolo- 
gists presents  a  hypothesis  respecting  the  origin  of  the  heat  causing  the 
metamorphism. 

ANTHRACITE  CAN  BE  FORMED  BY  CONTACT  WITH  HEATED  ROCK, 

Unquestionably,  heat  is  sufficient,  under  proper  conditions,  for  the 
conversion  of  bituminous  coal  into  anthracite.  The  localities  in  which 
that  conversion  has  occurred  are  too  numerous  to  admit  of  question  in 
this  connection. 

Exmnples  of  Contact-alteration  ia  New  Mexico. — Newberry,  Le  Cont^?, 
Hayden  and  Stevenson  have  referred  in  various  publications  to  the  small 
Placer  coal-field  about  25  miles  south  from  8anta  F^,  New  Mexico. 
There  the  conditions  are  perfectly  clear.  The  coal  is  bituminous  near 
Galisteo  creek,  but  is  found  becoming  less  and  less  so'  as  one  ascends 
the  arroyos  (dry  water-courses)  leading  up  the  mountain  side,  until  at 
length  it  is  an  anthracite,  with  13  as  its  ratio.  •  The  change  was  produced 
by  an  enormous  trachyte  dike,  which  cuts  all  the  beds  along  the  north- 
erly face  of  the  mountain,  but  the  extent  of  change  becomes  distinctly 
less  as  distance  from  the  dike  increases.  This  little  field  gives  a  positive 
illustration  that  something  more  than  the  mere  contact  with  molten  rock 
is  needed  to  cause  metamori)hism,  for  in  an  arroyo  leading  up  from 
Galisteo  creek  a  narrow  dike  of  basalt  has  cut  two  thin  beds  of  coal, 
which  appear  to  be  unchanged  even  at  the  contact,  for  pieces  taken 
thence  burned  with  abundant  flame.*  Many  canyons  in  the  Trinidad 
coal-field  of  northern  New  Mexico  show  coal  converted  into  cokef  by 
intruded  sheets  of  basalt.  No  anthracite  has  been  observed  in  this  field, 
but  the  coke  is  usually  denser  than  that  obtained  in  Belgian  ovens. 
Fragments  of  graphite  have  been  reported  from  one  exposure  on  the 
Upi)er  Canadian  river. 

Exnmple  of  Contact-alteration  in  Colorado. — The  Elk  mountains  of  central 
Colorado  hold  an  area  of  anthracite  which  was  described  by  W.  H. 
Holmes  J  and  Dr  A.  C.  Poale^  in  1876,  the  exposures  having  been  ex- 


•Stevenson  :  U.  S.  GooKtaph.  Surveys  west  of  tlie  IWtli  Meridian,  vol.  iii,  1881,  suppl.,  p.  332, 
t  Loc.  clt.,  pp.  204,  2(»8,  21(5,  208. 

X  Holmes  :  Ann.  Rep.  of  the  U.  S.  Geol.  and  Geog.  Survey  of  the  Territories  for  1874,  p.  67. 
I  Peale  in  same,  pp.  98,  99, 139, 176. 
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aniined  by  them  in  1874.  Those  observers  regard  the  change  as  due  to 
the  influence  of  eruptive  rocks. 

Examples  of  Contact-alteration  in  Virginia  and  ^^arth  Carolina. — The  well- 
known  conditions  in  the  coal-fields  of  eastern  Virginia  and  of  North 
Carolina  render  those  areas  equally  illustrative.  Dikes  passing  across 
the  coal  in  Virginia  have  changed  it  in  many  places  into  coke,  which  at 
one  time  was  sold  in  eastern  markets  under  the  name  of  James  river 
carbonite.  Anthracite  has  been  formed  under  similar  circumstances  at 
some  localities  in  North  Carolina. 

Examples  of  Conlact-alteratfon  in  New  Zealand. — Dr  Haast*  made  many 
references  to  the  occurrence  in  New  Zealand  of  coal  altered  by  contact 
with  dolerite ;  sometimes  coked,  at  other  times  changed  wholly  into 
anthracite.  In  the  same  report  Dr  Haast  tells  of  the  Hesse  Cassel  brown 
coals,  altered  by  basalt  sheets,  which  in  many  cases  form  both  roof  and 
floor  of  the  seams.  Occasionally,  where  the  flow  was  small,  the  effect  is 
iiisigniflcant.  The  mode  of  change  is  well  exhibited  near  the  Meissner, 
where  the  mines  have  been  worked  for  two  hundred  years.  The  seams, 
for  the  most  part,  are  from  20  to  30  feet  thick,  and  are  changed  only  in 
j)art.  The  effect  of  the  heat  extends  from  7  to  17  feet,  according  to  the 
thickness  of  the  overlying  basalt.  Immediately  below  that  rock,  for 
from  1  to  4  feet,  the  change  into  anthracite  is  usually  comi)lete,  but 
thence  downward  the  passage  is  gradual  to  the  wholly  unchanged  brown 
coal.  Dr  Haast  describes  a  condition  very  like  that  observed  in  our  own 
Placer  field,  a  coal-bed  in  contact  with  a  dolerite  dike  is  changed  into 
anthracite,  but  the  change  becomes  less  as  distance  from  the  dike  in- 
creases, until  the  nonnal  ^'  pitch  coal "  is  reached.  Dr  Hector  in  the 
same  report  adds  some  interesting  notes  t  to  Dr  Haast 's  observations. 

Alteration  through  Contact  not  invariable. — While  it  seems  to  be  suffi- 
ciently clear  that  bituminous  coal  can  be  converted  into  anthracite  by 
the  agency  of  heat,  it  .must  be  remembered  that  there  are  localities 
where  intrusions  of  lava  have  been  without  influence,  and  that  there  are 
others  where,  as  will  be  shown,  notable  folding  and  crushing  have  been 
ineffective,  and  that  there  are  others  where  close  proximity  to  granite 
and  other  crystalline  rocks  has  led  to  no  change. 

OBJECTIONS  TO  nOOEBSS  HYPOTHESIS. 

Two  fundamental  assumptions  in  the  hypothesis  off'ered  by  Professor 
Rogers  are  erroneous :  First,  that  anthracite  is  necessarily  due  to  meta- 
morphism,  and,  second,  that  the  plication  of  the  Appalachian  region  was 


*  Hmufc:  Q^ol.  Survey  of  New  ZeAlnnd  ;  ReporU  of  geologicnl  Explorations  during  1871-72,  pp. 
M,  5*  M,  82, 
t Hector:  Loc.  cil.,  p.  147. 
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cataclysmic  and  deep-seated.     Nothing  need  be  said  at  this  stage  respect- 
ing the  former,  but  reference  to  the  latter  is  necessary. 

Appaldchiana  not  cataclysmic  in  Origin, — Possibly  the  writer  may  have 
been  wrong  in  imagining  that  the  plication  advanced  so  slowly  as  not 
to  interfere  with  the  main  water-courses  *  but  the  drainage  in  Pennsyl- 
vania, Maryland,  Virginia  and  West  Virginia  certainly  suggests  that  the 
more  important  streams  antedated  the  folds,  for  they  cross  and  TecTo» 
the  great  antidinals,  synclinals  and  faults  by  gaps,  in  whose  walls  the 
rocks  are  true  to  dip  and  strike.  Another  explanation  is  possible  with- 
out calling  in  the  aid  of  cataclysms.  The  i)lication  was  not  so  slow 
everywhere  as  to  permit  readjustment  of  the  rock  particles  without  crush- 
ing. The  great  Pocono  sandstone  in  Fulton  county  of  Pennsylvania, 
more  than  1,000  feet  thick,  was  broken  into  enormous  wedges,  which 
were  moved  one  on  the  other  until  the  contact  surfaces  were  polislied, 
the  irregular  crevices  remaining  being  filled  afterward  by  thin  films  of 
quartz,  sufficiently  distinct  wherever  the  sandstones  are  exposed.f  Tho 
Utica  shale  in  the  Great  valley  of  Pennsylvania,  as  shown  in  the  ap- 
proaches to  the  tunnels  of  the  South  Pennsylvania  railroad,  is  crushcvl 
into  lenticular  fragments,  now  polished  and  closely  packed  together.  In 
some  of  the  Broad  Top  mines  the  coal  has  suffered  similar  treatment, 
with  the  same  result.  Such  crushing  occurs  rarely  in  the  less  sharply 
folded  area  west  from  the  Alleghany,  but  even  there  is  not  altogether 
wanting,  for  the  coal  is  often  prismatic  and  jointing  is  frequently  so  ex- 
tensive as  to  injure  sandstone  for  building  purposes. 

But  (t.  K.  Gilbert  J  assertis  that  this  crushing  cannot  extend  deeply: 
that  there  is  little  possibility  of  its  reaching  downward  even  to  ten  miles ; 
certainly,  then,  the  fissuring  would  not  be  deep  enough  to  aflford  escape 
for  heated  vapors  and  gases  from  the  interior  of  the  earth. 

The  plication,  resulting  in  the  Ap[)alachian  revolution,  began  at  an 
early  date,  as  is  evident  from  existence  of  canoe-shaped  synclinals,  dating 
back  to  the  middle  Coal  Measures,  and  of  subaerial  erosion,  sonietinie.-? 
of  great  extent  in  Ohio  and  Pennsylvania  Coal  Measures.  Indeed,  the 
folding  began  far  back  in  geologic  time,  and  the  Appalachian  basiiit 
closed,  it  may  be,  only  by  a  long  bar  at  the  west  during  the  Devonian, 
was  crumpled  in  the  latter  part  of  that  age  just  as  it  was  during  the 
early  and  middle  Carboniferous,  though  less  extensively .§ 

•StevenfioD  :  Proc,  Amer.  Philos.  Society,  vol.  xviii,  1879,  p.  306. 

t  Stevenson  :  Proo.  Amer.  Philc)?.  Society,  vol.  xxi,  18H4,  p.  165. 

J  Gilbert:  Bulletin  of  the  Geol.  Hoc.  of  Amer.,  vol.  i,  180<»,  p.  27. 

^  For  facts  referred  to  in  this  parajcraph  nee  Newherry :  Geol.  Survey  of  Oliio,  vol.  2,  part  1, 1874.  p* 
117 ;  M.  C.  Reid  :  (ieol.  Survey  of  Ohio,  vol,  3,  part  1, 1878,  p.  572 ;  Stevenson  :  Annals  Lye.  Nat  Hi>t. 
N.  Y.,  vol.  X,  1873,  p.  2:w ;  also  in  Second  Geol.  Survey  of  Penu.,  Fayett«  and  Westmoreland  Distri<'f, 
part  2, 1878,  pp.  271-282. 
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Eiraneous  Conclusions  as  to  Relation  of  Disturbance  to  Amount  of  Volatile, — 
The  first  serious  error  in  Professor  Rogers's  discussion  is  in  reference  to 
the  relation  of  increase  in  dip  to  decrease  in  volatile  combustible  matter. 
He  believed  that  the  increase  in  rate  of  dip  is  steady  and  marked  along  a 
west-northwest  and  east-southeast  line.  True,  the  dip  does  increase  from 
Pittsburg  along  that  line  to  the  Cumberland  (Potomac)  basin  in  Mary- 
land ;  and  the  increase  is  remarkable  if  one  compare  the  extremities  of 
the  line ;  but  the  increase  is  not  regular.  As  was  stated  on  a  previous 
page,  the  increase  is  moderately  great  from  Pittsburg  to  the  foot  of  Chest- 
nut ridge  in  the  Connellsville  basin,  from  1*^  at  Pittsburg  to  10°  on  the 
side  of  Chestnut  ridge;  but  there  is  no  further  increase  until  bej'ond  the 
Alleghany  mountain,  for  in  that  monoclinal  one  rarely  finds  a  dip  of 
more  than  10°  near  the  line  under  consideration ;  but  immediately  be- 
yond the  Alleghany  one  comes  to  great  folds,  with  dips  of  from  20°  to 
50°,  sometimes  with  inversions.  The  dip  on  the  easterly  side  of  the 
Cumberland  basin  (the  Mount  Savage  synclinal)  within  Bedford  county 
of  Pennsylvania  is  sometimes  more  than  80°.* 

Along  the  line  chosen  by  Professor  Rogers  the  Pittsburg  coal-bed  shows 
the  following  variations,  the  results  being  the  average  of  analyses  in  each 
basin  and  the  calculations  being  made  without  reference  to  water  and 
ash :  Pittsburg,  40.7 ;  in  the  next  trough  eastward,  39.2 ;  in  the  Greens- 
burg,  85.3 ;  in  the  Connellsville  or  Coke,  33.8  ;  there  the  dip  is  from  4° 
to  6°  in  the  mines ;  in  the  Ligonier  valley,  28.1 ;  in  the  Salisbury  basin 
of  Somerset  county,  23.3 ;  in  the  Cumberland  basin  of  Maryland,  18.8. 
The  decrease  in  proportion  of  volatile  matter  is  greater  in  passing  from 
Connellsville  to  Salisbury,  about  34  miles  along  the  dip,  with  no  change 
in  type  or  extent  of  disturbance,  than  it  is  in  passing  from  Pittsburg  to 
Connellsville,  about  32  miles,  with  great  change,  or  from  Salisbury  to 
Frostburg,  in  the  Cumberland  basin,  about  15  miles,  with  the  extreme 
change  in  extent  and  type  of  disturbance  on  botli  sides  of  the  Cumber- 
land basin. 

It  is  very  true  that,  along  a  similarly  east-southeast  and  west-northwest 
line  across  the  anthracite  fields,  a  great  increase  of  complexity  is  observed 
toward  the  east.  The  area  of  greatest  disturbance  is  in  the  Great  valley 
beyond  the  Southern  anthracite  field ;  fohiing  is  much  more  marked 
and  the  distortion  is  much  greater  in  that  field  than  in  the  others ;  the 
flexures  become  broader  and  gentler  toward  the  northwest,  so  that  in 
the  Northern  anthracite  field  one  finds  a  typical  canoe  basin,  with  only 
moderate  dips,  while  the  Loyalsock  or  Berniee,  still  further  northwest 


•Second  Geol.  Sorvey  Penn.  Rep.  on  Bedford  and  Fultoa  Counties,  1882,  p.  104.  For  note«  respect- 
ioKthe  conditions  in  West  Virginia,  see  I.  C.  White :  Proc.  Amer.  Philos.  Society,  vol.  xix.  1881,  p.  438 
eta«q. 
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(the  northern  termination  of  the  first  bituminous  basin),  though  con- 
taining anthracite  coals,  has  dii)s  varying  from  3  to  5  feet  per  hundreil  * 
But,  as  will  be  shown  later  on,  this  increase  in  complexity  bears  no 
relation  whatever  to  the  character  of  the  coal  in  the  several  anthracite 
fields. 

Neglect  of  Conditions  observable  in  the  indit^idual  Basins. — A  notable 
source  of  error  in  the  discussion  lay  in  neglect  of  the  conditions  observ- 
able along  the  trend  in  the  several  basins.  From  Pittsburg  east-south- 
east to  Prostburg,  in  the  Cumberland  basin,  one  finds  the  conditions 
already  noted,  with  greatly  increased  disturbance  beyond  that  basin. 
But  let  it  be  remembered  that  the  extent  of  disturbance  diminishes  north- 
ward in  all  the  basins ;  that  the  folding  in  and  around  the  Middle  and 
Northern  anthracite  fields  is  less  than  that  in  and  around  the  Broad 
Top  of  southern  Pennsylvania  and  the  Cumberland  in  Maryland ;  that 
the  flexures  in  the  Loyalsock  are  less  pronounced  than  those  in  Somerset 
county  of  Pennsylvania,  in  the  southern  portion  of  the  same  first  bitu- 
minous bsLsin. 

Discontinuity  of  Rogers'* s  Line  connecting  anthracite  and  bituminous  Ba- 
sins.— A  still  more  serious  error  was  that  of  extending  this  single  line 
beyond  the  Cumberland  basin  across  the  anthracite  fields.  The  line 
from  Pittsburg  to  Frostburg  or  to  the  Broad  Top  field  is  not  continuous 
with  that  across  the  anthracite  fields ;  its  eastern  portion  is  parallel  to 
the  latter  line,  and  is  equivalent  to  the  line  passing  through  the  Northern 
and  Middle  fields.  There  is  no  certainty  in  the  impression  that  if  the 
line  were  continued  beyond  the  Broad  Top  field  or  the  Cumberland 
basin  anthracite  conditions  would  be  reach ed.f  As  has  been  stated  on  a 
former  page,  the  Broad  Top  coal-field  may  be  taken  fairly  as  represent- 
ing the  Northern  field. 

True  Statement  of  Relntion  of  Disturbance  to  Arnount  of  Volatik. — The  true 
statement  is  that  the  decrease  in  volatile  combustible  matter,  as  shown  in 
the  easterly  basins,  is  not  merely  toward  the  east,  but  also  and  more  nota- 
bly toward  the  north,  along  the  trend,  and  apparently  without  any  rela- 
tion whatever  to  the  degree  of  the  disturbance;  for  in  the  former  aise 
the  decrease  is  in  the  general  direction  of  increase  of  disturbance ;  in  the 
latter,  the  decrease  is  in  the  general  direction  of  decrease  of  disturbance. 
Not  to  multiply  details  here,  as  they  will  be  needed  in  another  part  of 
this  discussion,  it  suffices  to  emphasize  two  facts:  The  driest  anthracite 
is  not  found  in  the  Southern  anthracite  field,  which  contains  the  most 


*  Ashburner  :  Ann.  Rep.  Second  Gool.  Surv<*y  Penn.  for  188r>,  pp.  28:^-284. 

tThis  statement  is  made  cautiously,  for  in  northern  Virginia  the  Pocono  coiils,  lying  in  a  line 
with  the  Southern  ftnthracite  field,  sometimea  approach  antliracite,  but  the  ratios  show  extreme 
variations. 
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folded  and  distorted  basins,  but  in  the  Middle  fields.  The  hardest  an- 
thracite is  not  found  in  the  southwesterly  or  most  plicated  portion  of  the 
Southern  field.  There  semi-anthracite,  even  semi-bituminous,  occurs, 
while  the  harder  anthracite  is  obtained  at  the  other  end  of  the  field, 
where  the  condition  is  becoming  more  like  that  of  the  other  anthracite 
fields. 

Injliie}ice  of  Dikes  itmgnificanl. — It  seems  hardly  necessary  to  refer  to 
the  supposed  influence  of  dikes  in  causing  the  greater  hardness  of  coal 
at  the  northerly  end  of  the  southern  basin.  It  is  well  known  that  such 
influence  can  be  exerted  to  but  a  little  distance.  The  coal-fields  near 
Richmond,  Virginia,  have  been  intersected  by  dikes  sufficiently  to  test 
this  matter ;  but  there  are  few  coals  richer  in  volatile  conbustible  than 
those  near  Richmond.  The  dikes  in  northeastern  Pennsylvania  are  ex- 
tensive, but  they  could  not  be  a  factor  in  this  matter. 

Columnar  Structure  not  Evidence  of  loss  of  Volatile  through  Consolidation. — 
Columnar  structure  gives  no  evidence  in  favor  of  the  supposition  that 
the  coal  has  been  subjected  to  the  loss  of  volatile  after  consolidation. 
The  Imboden  coal  of  Wise  county,  Virginia,  with  about  37  per  cent ;  the 
Pocahontas  coal  of  Virginia,  with  21  per  cent ;  the  Pittsburg  coal  on 
Scotts  run,  in  Monongalia  county  of  West  Virginia,  with  nearly  40  per 
cent,  and  the  same  coal  near  Uniontown,  Pennsylvania,  with  36  per  cent 
of  volatile,  all  have  this  structure  almost  equally  well  marked. 

OBJECTIONS  TO  HYPOTHESIS  OF  MURCHISON  AND  OWEN. 

Murchison  notes  that  the  line  of  the  anthracite  coal  in  the  field  west 
from  the  Donetz  river,  Russia,  coincides  with  that  of  the  crystalline  axis 
of  the  southern  steppes,  and  suggests  that  the  igneous  rocks  of  that 
axis  in  their  subterranean  prolongation  may  have  converted  the  super- 
ficial coal  into  anthracite  while  hardening  the  grits  and  sandstones  and 
shale ;  but  there  is  need  of  proof  that  guanitic  and  schistose  rocks  have 
any  metamorphosin<?  power.  The  change  in  those  rocks  must  have  been 
complete  that  they  might  be  available  as  hypogene  rocks  to  support  the 
coal.  Certainly  the  coal-fields  of  eastern  Virginia  occupying  basins  in 
the  metamorphic  rocks  show  no  change  due  to  the  influence  of  those 
rooks.  It  is  much  more  likely  that  the  crystalline  axis  of  the  steppes 
formed  the  shoreline  of  the  region  from  which  the  coal  marshes  extended 
into  the  basins.  The  change  in  type  of  rock  and  the  disappearance  of 
the  limestones  in  that  direction  go  to  show  the  proximity  of  a  shoreline. 

Dr.  Owen's  explanation  is  of  the  same  sort.  No  rocks  ofigtieous  or  of 
metamorphic  origin  are  to  be  seen  anywhere  near  the  coal-field ;  but 
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their  presence  is  necessary  to  the  hypothesis  that  the  coal  is  meta- 
morphic,  ^and  they  are  supposed  to  be  at  no  considerable  distance  below 
the  surface. 

OBJECTIONS  TO  LESLETS  HYPOTHESIS. 

Increased  Rock-covering  not  productive  of  increased  Heat. — Professor 
Lesley  suggests  that  the  increased  thickness  of  overlying  rock  might  lead 
to  increased  heat  in  the  lower  beds.  lie  illustrates  his  point  by  com- 
parison of  analyses  of  coal  from  the  Washington  and  the  Sharon  beds, 
the  two  available  extremes  of  the  column  in  western  Pennsylvania  ;  but 
the  comparison  is  insufficient,  since  comparison  of  the  Washington  coal 
with  coal  from  the  Mercer  and  Quakertown  beds,  belonging  at  approxi- 
mately the  same  horizon  with  the  Sliaron,  gives  a  contrary  result.* 

No  increajsed  Bock-coirring  in  Anthracite  Region. — Professor  I^esley, 
accepting  tliis  suggestion  as  a  possible  explanation  of  varying  percentages 
of  volatile  combustible  matter,  applies  it  to  explain  debituminization  of 
the  coals  of  eastern  Pennsylvania.  He  maintains  that  as  the  Paleozoic 
groups  thicken  toward  the  east,  there  is  every  reason  to  suppose  that  the 
Permo-Carboniferous,  existing  in  southwest  Pennsylvania  and  in  Wc^t 
Virginia,  must  have  extended  into  the  anthracite  region  with  constantly 
increasing  thickness,  so  that  one  should  expect  to  find,  as  he  does  finiL 
the  coal  with  very  much  less  volatile  there  than  in  the  region  west  from 
the  Alleghany  mountain. 

The  supposition  that  the  coal  groups  thicken  eastward  toward  the 
anthracite  region  is  hardly  in  accordance  with  the  facts,  as  recorded  in 
the  reports  of  the  Pennsylvania  survey .f  It  is  altogether  true  that  the 
Devonian  and  lower  rocks  have  their  greatest  thickness  at  the  east,  and 
that  they  do  decrease  with  great  rapidity  westward,  even  within  the  lim- 
its of  Pennsylvania;  but  this  is  not  altogether  true  of  the  Coal  Measure:^ 
groups,  especially  of  the  higher  groups,  which  lose  thickness  as  they  re- 
cede from  southwest  Pennsylvania,  north,  east  and  west.  This  general 
statement  is  necessary,  for  the  old  conception  still  prevails  too  widely 
that  the  same  law  of  decrciise  holds  good  for  the  Coal  Measures  as  for 
the  lower  groups ;  but  the  conditions  had  changed  at  the  end  of  the  De- 
vonian, so  that  the  Cincinnati  arch  at  that  time,  whatever  it  may  have 
been  during  the  Devonian,  had  become  more  than  a  bar,  had  become  a 
low  uy)land,  with  drainage  enough  to  bring  down  not  very  coarse  mate- 
rial for  the  sandstones  of  the  Coal  Pleasures.  The  Coal  Measures  were 
deposited  in  an  almost  land-locked  basin,  along  whose  central  strip  lime- 


*  Socontl  Roport  of  Propros»  in  tho  Laboratory,  etc,  1879,  pp.  Uf»-147. 

fMany  of  tlifse  were  pulilisho<l  aftor  Pr<»f«*ss()r  Loslny's  discussion  was  prepared. 
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stones  were  formed.    The  old  grouping  of  the  Coal  Measures  in  Pennsyl- 
vania answers  best  for  comparison.     It  is,  in  ascending  order — 

1.  Potts ville. 

2.  Lower  coal  group. 

3.  Ix)wer  barren  group. 

4.  Upper  coal  group. 

5.  Upper  barren  group  or  Permo-Carboniferous. 

The  Pottsville  conglomerate  within  the  anthracite  fields  varies  in  thick- 
ness, according  to  Ashburner  *  from  551  to  1,280  feet  in  the  Southern 
field,  whereas  in  the  Middle  field,  near  Ilazleton,  it  is  but  262  feet,  while 
near  Wilkesbarre,  in  the  Northern  field,  it  is  but  96  feet.  The  variations 
in  thickness  occur  within  short  distances  and  are  very  startling.  The 
causes  do  not  concern  us  here.  In  the  Broad  Top  region  the  thickness 
of  the  Pottsville  is  not  far  from  250  feet,t  whereas  on  the  east  side  of  the 
Cumberland  basin,  along  the  Baltimore  and  Ohio  railroad,  in  West  Vir- 
fdnia,  it  is  451  feet.  J  Its  lower  plate  disappears  in  southwest  Pennsyl- 
vania, where  the  total  thickness  is  not  far  from  200  feet.§ 

The  lower  coal  group, ||  taking  the  Mammoth  bed  as  its  upper  limit, 
shows  an  extreme  thickness  of  500  to  437  feet  in  the  Southern  field ;  of 
213  to  156  feet  in  the  Middle  field  and  of  476  to  257  feet  in  the  Northern 
field.  In  the  semi-bituminous  Broad  Top  field  the  extreme  thickness  is 
bareh'  220  feet,^  and  on  the  eastern  side  of  the  Cumberland  basin,  on 
the  Baltimore  and  Ohio  railroad,  it  is  only  268  feet.**  These  are  all 
within  the  strip  between  the  Alleghany  and  the  Kittatinny  mountain — 
the  anthracite  strip ;  but  in  the  bituminous  basins  the  thickness  of  this 
group  varies  from  300  to  350  feet,  as  given  by  White,  Piatt  and  Steven- 
son in  their  several  reports. 

The  lower  barren  group  in  Broad  Topis  about  520  feet,  and  about  600 
feet  on  the  east  side  of  the  Cumberland  basin.  No  positive  statement 
can  be  made  respecting  its  thickness  in  the  anthracite  field,  as  the  identi- 
fication of  the  Pittsburg  coal-bed  there  is  not  wholly  certain,  but  it  is 
approximately  the  same  as  in  Broad  Top.  In  the  bituminous  areas, 
according  to  White,  Piatt  and  Stevenson,  the  thickness  varies  from  570 
to  ()1()  feet. 

•Ashburner:  Ann.  Rep.  Geol.  Survey  of  Pennsylvania  for  1885,'^p.  294. 

♦  ^<teTen!»un :  Second  Gcol.  Survey  of  Pennsylvania;  Geology  of  Bedford  and  Fulton  Counties, 
iJ^'i,  p.  65. 

;  I.  C.  Whit*- :  Proo.  Amer.  Phil.  Society,  vol.  19, 1881.  p.  445. 

»Th<»  vrit«'r  long  ago  became  convinced  that  he  should  have  placed  the  coal  beds  underlying 
the  Potti«vilI«  conglomerate  of  Houthwest  Pennsylvania  with  the  Pottsville  instead  of  in  the  lower 
fVrboniferous.    This  correction  he  made  in  Am.  Jour.  Sci.,  vol.  xxxiv,  1887,  p.  37. 

•These  figures  are  taken  from  Ashburner  in  the  Ann.  Rep.  for  ISSft. 

'<ieology  of  Bedford  and  Fulton  (bounties,  p.  GO. 

••  1.  C.  White :  Proc.  Amer.  Phil.  Society,  vol.  la.  p.  446. 
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Thus  far,  it  is  sufficiently  clear  that  the  comparison  affords  no  bai?is 
for  the  assertion  that  the  Measures  are  thicker,  materially  thicker,  in  the 
anthracite  than  in  the  bituminous  regions.  It  is  impossible  to  nialie 
similar  comparisons  in  detail  for  the  upper  groups,  since  they  have  not 
been  differentiated  finally  from  the  lower  barren  group  in  the  anthracite 
fields.  At  the  same  time,  there  is  no  reason  to  doubt  that  both  the 
upper  coal  group  and  the  Permo-Carboniferous  are  present  in  the  anthra- 
cite region,  for  2,250  feet  of  rock  are  reported  *  as  overlying  the  Mammoth 
bed  at  Pottsville.  The  Pittsburg  bed  has  been  identified  with  much 
hesitation  in  one  of  the  anthracite  fields,  but  there  is  no  doubt  respecting 
the  identification  in  the  Cumberland  field  and  but  little  in  the  Broad 
Top  field.  It  is  certain,  however,  that  groups  4  and  5  attain  their 
greatest  Pennsylvania  thickness  in  the  extreme  southwest  corner  of  the 
state,  and  that  in  all  directions  from  that  locality,  within  the  state,  they 
decrease  in  thickness.  This  appears  abundantly  by  comparison  of 
measurements  made  by  Professor  I.  C.  White  and  by  the  writer  in  Ohio 
and  various  portions  of  Pennsylvania.f  There  is  every  reason,  therefore, 
to  believe  that  they  arc  Icvss  thick  in  eastern  than  in  western  Pennsylvania. 

Increased  Rock-covering  not  found  to  produce  Anthracite. — Measurements 
made  in  Virginia  and  West  Virginia  by  I.  C.  White,  Fontaine  and 
Stevenson  show  conclusively  that  the  thickening  of  the  Coal  Measures 
was  not  greatest,  was  not  even  great,  in  the  anthracite  region  or  at  any 
other  locality  in  Pennsylvania.  Long  ago  Fontaine  measured  the  Potts- 
ville group  on  the  New  river  and  announced  the  thickness  to  be  not  far 
from  1,200  feet.  The  writer  found  1 ,000  feet  in  AVisc  county  of  Virginia ;+ 
while  Professor  I.  C.  White  measured  1,400  feet  at  one  locality  in  Fayette 
county  of  West  Virginia,§  and  announced  that  in  Kentucky  the  thick- 
ness reaches  2,000  feet.  On  the  Big  Kanawha  river  of  West  Virginia 
Professor  White  finds  the  lower  coal  group  1,00G  feet  thick,  while  the 
lower  barren  group  is  800  feet.||  Still  further  south,  in  Wise  county, 
Virginia,  many  miles  beyond  the  extreme  southern  limit  of  the  Pitts- 
burg coal-bed,  as  detennined  by  Professor  White,  the  writer  found  2,348 
feet  of  coal  measures  above  the  to|)  of  the  Pottsville,^  which  can  represent 
only  the  lower  coal  group  and  the  lower  barren  group.  It  is,  therefore, 
unquestionably  certain  that  the  thickness  in  the  anthracite  fields  is  very 
much  less  than  in  eastern  Kentucky  and  the  southern  portion  of  the 

♦Ashburner:  Second  Geol.  Survey  Pcnn.sj'lvsvniu;  First  Rep.  on  the  Anthracite  Coal  Region. 
188:J,  p.  239. 

t  Stevenson  :  The  Fayett<?  and  Westinorehiud  District;  1878,  part  2,  chap,  xxi,  pp.  283-295. 

J  Stevenson:  Proc.  Amor.  Philos.  Society,  vol.  19, 1881,  p.  2:K). 

g  I.  C.  White  -.  StratiKraphy  of  the  Bituminous  Coal-field  of  Penuyylvania,  Ohio  and  West  Virginia, 
Bulletin  U.  S.  Geol.  Survey,  no.  Go,  1891,  p.  197. 

I  I,  C.  White  :  Loc.  cit.,  pp.  So  and  140. 

^Proc.  Amer.  Pliilos.  Society,  vol.  19,  p.  238. 
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Vir<iinias ;  yet  there  is  no  anthracite  in  southwest  Virginia  or  along  the 
Kanawha  river.  On  the  contrary,  the  Iniboden  coal-bed,  toward  the 
bottom  of  the  lower  coal  group  in  Wise  county,  Virginia,  has  almost  as 
much  volatile  combustible  as  the  Pittsburg  coal-bed  has  at  Pittsburg. 

There  are  instances  within  the  anthracite  strip  which  tempt  one  to  say 
that  the  decrease  in  volatile  is  in  direction  of  decrease  of  cover.  The 
Lykens  valley  coals  of  the  Southern  anthracite  field,  which  have  as 
much  volatile  as  the  Bernice  coals  at  the  extreme  northern  portion  of 
the  first  bituminous  basin,  belong  not  to  the  upper  coal  groups,  but  to 
the  Pottsville. 

An  equally  satisfactory  illustration  is  found  in  the  Arkansas  field. 
The  upper  coal  division  is  about  3,0(K)  feet  thick  and  its  important  coal- 
bed  is  near  the  bottom.  The  main  coal  of  the  lower  coal  division  is  at 
about  750  feet  lower  in  the  column.  The  upper  bed  has  a  fuel  ratio  ot 
6.15,  while  that  from  an  opening  in  the  lower  bed,  less  than  a  mile  away, 
has  a  fuel  ratio  of  7.30.  That  this  difference  cannot  be  explained  as  due 
to  the  influence  of  additional  pressure  or  of  increased  earth-heat  because 
of  the  column  of  750  feet  of  rock  is  evident  from  the  fact  that  the  coal- 
bed  of  the  intermediate  division  is  opened  almost  midway  between  the 
two  localities,  and  its  coal  has  a  fuel  ratio  of  4.97,  much  more  volatile 
than  is  contained  in  the  upper  bed. 

OBJECTIOyS  TO  HYPOTHESIS  OF  MECHANICAL  FORCE  TRANSFORMED  INTO 

HEAT. 

MaUeCs  InveMigatians. — Mallet's  investigations,  showing  the  quantity 
of  heat  evolved  by  the  crushing  of  rock,  have  been  a  fruitful  source  of 
hypotheses  respecting  metamorphism.  There  is  no  room  for  doubt  that 
such  crushing  can  produce  heat;  that  it  might  produce  heat  enough  to 
convert  bituminous  coal  into  anthracite ;  the  difficulty  is  not  in  the  con- 
(•eption  of  possibility,  but  in  finding  evidence  of  probability.  The  pre- 
suniption  in  every  case  is  against  the  supposition  that  the  anthracite, 
irranting  that  it  is  the  result  of  metamorphism,  was  metamorphosed  by 
heat  due  to  this  agency.  The  instances  of  metamorphism  unequivocally 
<lue  to  crushing  and  folding  are  none  too  numerous,  whereas  instances 
in  which  no  metamorphism  has  taken  place  despite  the  most  violent 
crushing  are  sufficiently  numerous. 

Endence  of  ihs  Virginia  Coala. — Tlie  Pocono  coals  in  southwest  Virginia 
have  been  crushed  during  the  folding  and  faulting  of  that  region  until 
in  some  localities  they  are  as  flaky  Jis  pastry  crust.  The  filmy  layers 
can  be  separated  by  the  fingers,  and  their  surfaces  are  polished  by  the 
chafing  which  they  have  endured;  yet  that  coal  is  rarely  more  than 
semi-anthracite,  and  in  some  localities  it  is  a  semi-bituminous  coal.  The 
Pottsville  coal  at  Quinnimont,  West  Virginia,  is  in  the  gently  undulated 
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Sewell  mountain  region  ;  yet  its  volatile  is  no  greater  than  that  of  the 
same  coal  at  Pocahontas,  in  Virginia,  at  a  little  way  from  the  Abb's  val- 
ley fault,  whose  throw  is  more  than  10,000  feet.  The  crushed  "  lookinjz- 
glass  "  coal  in  the  Broad  Top  field  is  semi-bituminous,  while  the  uu- 
crushed  coal  of  the  gently  flexed  Wyoming  field  is  anthracite.  The 
Barnet  bed  in  the  Broad  Top  field  is  faulted,  but  shows  coal  of  the  same 
quality  on  both  sides  of  the  fault.  The  Imboden  coal-bed  of  Wi?e 
county,  Virginia,  at  only  a  stone  s  throw  from  the  great  overturned  anti- 
clinal of  Stone  mountain,  has  about  37  per  cent  of  volatile,  quita  as  much 
as  it  has  miles  away  at  the  west  in  the  undisturbed  portion  of  Kentucky. 
Emdence  of  the  Arkatisas  Coals. — Mr  Winslow's  observations  in  Arkan&is 
afford  another- illustration  which  is  in  place  liere.  Evidently  inclinfd 
favorably  to  the  doctrine  of  metamorphism  by  heat  derived  from  cni!?h- 
ing,  he  regards  as  somewhat  curious  the  fact  that  the  volatile  combustiMe 
in  the  Arkansas  coals  diminishes  as  the  distance  from  disturbance  in- 
creases, for  the  region  of  high  volatile  is  traversed  by  flexures  recallin;: 
to  mind  the  systems  in  Pennsylvania,  whereas  the  region  of  the  semi- 
anthracite  is  undisturbed.* 

Metamorphism  not  a  sufficient  Explanation  of  the  Phenomena. 

While  there  can  be  no  doubt  that  bituminous  coal,  heated  by  contact 
with  molten  rock,  or  by  transformation  of  mechanical  force  exerte<l  in 
crushing  rock,  or  by  action  of  gases  or  vapors  from  deep-seated  sourcci^, 
may  become  anthracite,  still  it  must  be  conceded  that  in  Pennsylvania 
there  is  no  evidence  showing  any  relation  of  cause  and  effect  between 
such  agencies  and  the  loss  of  volatile  combustible  in  the  coal.  Some 
explanation  other  than  that  depending  on  metamorphism  must  be  found ; 
for  if  metamorphism  be  unnecessary  to  explain  the  variation  of  volatile 
from  45  to  85  per  cent  in  the  same  coal-bed  within  a  few  rods,  it  shouW 
be  equally  unnecessary  to  explain  a  still  further  loss  of  volatile.  The 
more  so,  in  view  of  the  well-known  ftict  that  different  benches  of  the 
same  bed  at  the  same  opening,  where  they  are  separated  by  only  a  few- 
inches  of  clay,  show  a  contrast  greater  than  that  between  the  Pitti<burg 
coal  in  the  Salisbury  bituminous  basin  and  the  Stoney  creek  coals  of 
the  Southern  anthracite  field.t  The  volatile  often  differs  several  per 
cent  in  the  different  benches  of  a  coal-bed.  Even  in  the  same  hillside  in 
the  Bernice  or  Loyalsock  field  (the  northern  end  of  the  first  bituminous 
basin)  and  barely  60  feet  apart  are  two  beds,  the  lower  showing  a  ratio 
of  4.18,t  while  that  of  the  upper  bed  is  10.28. 


,. .. .  — .  „....  J,..,.. 

t  Ann.  Rep.  Second  (Joo!.  Survoy  of  Penn»ylvania  for  1885,  pp.  480  482,  486. 
J  A.  S.  McCreath :  Second  Rep.  of  Progress  in  the  Laboratory,  etc.* pp.  82-^M. 
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Bischof's  Theory  of  the  Formation  of  Anthracite. 

Ix>ng  ago  Bischof  recognized  that  graphite  is  of  vegetable  origin,  the 
mode  of  its  occurrence  in  coal-beds  of  Greenland  as  well  as  in  those  near 
CHimnoch,  in  Scotland,  being  such  as  to  leave  no  room  for  doubt.  As 
anthracite  is  intermediate  between  bituminous  coal  and  graphite,  its 
vegetable  origin  was  conceded  of  necessity.  Lesley  *  has  shown  by  tabu- 
lating the  analyses  made  by  A.  S.  McCreath  that  the  series  from  the 
driest  anthracite  to  the  richest  bituminous  coal  is  almost  perfect. 

Vegetable  matter  left  exposed  upon  the  ground  decays ;  it  is  oxidized 
and  loses  its  own  oxygen  very  rapidly.  This  process  does  not  convert 
wood  into  coal,  the  escaping  gases  being  carbon-dioxide  and  water ;  but 
under  water  the  change  advances  differently,  so  that  the  carbon  and 
hydrogen  unite,  and  marsh  gas  as  well  as  the  other  gases  mentioned  is 
set  free.  Goeppert  f  found  that  the  decomposition  of  mosses  goes  on  more 
slowly  as  the  depth  of  the  water  increases ;  those  at  6  to  8  inches  below 
the  surface  decompose  rapidly,  but  others  at  12  to  36  inches  were  fairly 
preser\'e<l  for  fifteen  months.  The  character  of  the  decomposition  may 
well  assume  different  character  with  varying  depths  of  water.  Bischof  f 
thinks  that  the  smaller  quantity  of  volatile  hydrocarbons  in  anthracite 
fields  may  be  due  to  the  more  ready  access  of  water,  which  favored  evo- 
lution of  marsh  gas  as  well  as  the  other  gases.  Sterry  Hunt§  has  ex- 
hibited the  several  steps  in  the  process  of  change  from  cellulose  to  bitu- 
minous coal  by  a  series  of  empirical  formulas,  which  show  the  successive 
conditions  mentioned  by  Bischof.  Green  |{  has  illustrated  the  relations 
of  the  several  products  from  wood  to  anthracite  by  a  table  of  percentage 
compositions. 

Lesley's  Suggestion  of  Oxidation. 

Professor  Lesley  uses  the  process  of  oxidation  as  tlie  basis  of  a  sugges- 
tion respecting  the  possible  origin  of  the  Pennsylvania  anthracite.  He 
lays  great  stress  upon  the  fact  that  in  tlie  anthracite  region  there  are  more 
of  sandy  and  gravelly  rocks  than  in  the  bituminous  regions,  where  clayey 
materials  abound,  so  that  oxidation  of  the  coal  would  be  favored  in  the 
former  more  than  in  the  latter.  He  maintains,  further,  that  the  undis- 
turbed clays  of  the  latter  lute  down  and  almost  hermetically  seal  the 
underground  coals,  whereas  the  disturbed,  semi-metamorphosed  and 
cracked-up  clay-slates  of  the  former  expose  their  coals  to  the  very  bottom 
of  the  series  to  percolation,  evaporation  and  oxidation. 

•I^esley  in  Second  Report  of  Projcress  in  the  Laboratory,  etc,  1879,  p.  146  et  seq. 

t  Goeppert  cited  by  Bischof,  Chemical  Geology,  vol.  i,  p.  271. 

I  Bischof:  Chemical  Geology,  vol.  i,  p.  273,  foot-note. 

I  Sterry  Hunt :  Chemical  and  Geological  Essayn,  1876,  p.  181, 

I  Green :  Geology,  1882,  part  i,  Physical  Geology,  p.  182. 

IX— Bull.  Gbol.  So€.  Am.,  Vol.  5,  1893. 
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Undisturbed  Areas  furnish  all  Varieties  of  Coal. — If  we  had  to  deal  only 
with  the  extremes,  with  the  rich  gas-coal  of  the  Pittsburg  area  and  the 
dry  anthracites  of  the  Middle  anthracite  fields,  these  suggestions  would 
have  greater  weight ;  but  we  must  remember  that  the  practically  undis- 
turbed or  only  gently  folded  beds  of  the  bituminous  basins  west  from  the 
Alleghany  mountain  yield  every  possible  gradation,  from  the  richest  bitu- 
minous coals  to  the  semi-anthracites  of  the  Ixjyalsock  (Bernice)  field,  the 
latter  having  in  some  cases  even  lesa  volatile  than  the  Lykens  valley  coaL< 
of  the  Southern  anthracite  field.  In  all  of  these  are  found  the  clay-beds 
which  should  prevent  percolation  and  the  rest ;  but  it  is  unnecessary  to 
go  outside  of  the  anthracite  field  for  an  illustration,  for  in  a  single  colliery 
on  the  Mammoth  bed  in  the  Southern  anthracite  field  semi-bituminous, 
almost  bituminous,  coal  occurs  in  one  bench  and  hard  anthracite  in 
another,  the  ratios  being  5.59  and  51.1.* 

The  Northern  anthracite  field,  as  dascribed  by  Chance  and  by  Ash- 
burner,  is  not  fractured.  It  seems  to  be  much  less  disturbed  than  is  the 
southern  portion  of  the  Broad  Top  semi-bituminous  field.  Ashburner's 
sections  show  a  good  deal  of  clayey  material.  Taken  all  in  all,  the  condi- 
tions in  Broad  Top  appear  to  be  more  favorable  to  percolation  and 
oxidation  than  are  those  in  the  Northern  field,  certainly  far  more  favor- 
able than  those  in  the  Loyalsock  field,  if  extent  of  fracturing  and  thick- 
ness of  clays  be  the  test. 

Influence  of  Clay-beds  insignificant, — The  presence  or  absence  of  the  clay- 
beds  evidently  has  very  little  to  do  with  the  matter.  Ashburner's  sec- 
tions in  the  Northern  field  show  more  clay-beds  than  can  be  found  in  a 
greater  thickness  of  rock  within  the  Black  mountain  coal-field  of  south- 
west Virginia,  immediately  behind  the  overturned  anticlinal  of  Stone 
mountain ;  yet  at  half  a  mile  from  the  vertical  beds  in  that  fold  the 
Imboden  bed  shows  a  fuel  ratio  of  1.67,  while  the  Kelly  bed,  at  barely  a 
stone-throw  from  the  vertical  beds,  has  a  fuel  ratio  of  1.48.  Certainly 
this  area  should  be  cracked-up  enough,  for  its  southeasterly  boundary  is 
the  Stone  mountain  anticlinal  and  the  faulted  area  of  southwest  Virginia, 
while  its  northerly  boundary  is  an  enormous  fault.  An  even  more  satis- 
factory illustration  is  found  in  the  southeastern  prong  of  the  Southern 
anthracite  field,  where,  within  a  dozen  miles  along  the  trend,  the  ratio 
varies  from  4.64  to  12.40. 

Process  of  Conversion  completed  prior  to  Rock-consolidation. — The  sugges- 
tion immediately  under  consideration  evidently  carries  with  it  the  addi- 
tional suggestion  that  the  change  was  not  complete  even  when  the  whole 

*A.  S.  McCreftth  :  Ann,  Rep.  of  Second  Geol.  Survey  of  Pennsylvania  for  1885,  p.  321. 
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pile  of  rocks  liad  been  deposited,  and  that  the  process  continued  until 
sometime  posterior  to  the  folding  and  crushing ;  but  it  is  not  easy  to 
understand  how  percolation  would  be  carried  on  to  any  greater  extent 
in  the  anthracite  than  in  the  bituminous  region  after  the  folding  and 
consequent  erosion  had  taken  place.  Those  who  mine  bituminous  coal 
find  the  water  of  percolation  through  the  coal  itself  sufficiently  trouble- 
some in  western  Pennsylvania.  Water  of  this  kind  would  be  stagnant 
in  the  canoe  synclinals,  and  as  its  oxygen  would  soon  be  converted  into 
carbon  dioxide,  the  process  of  oxidation  would  be  stopped.  Bituminous 
coal,  it  is  true,  when  exposed  to  atmospheric  moisture  and  a  slightly 
increased  temperature,  does  undergo  changes  in  composition  somewhat 
analogous  to  those  which  lead  to  anthracite — changes  which  appear  in 
most  cases  to  be  accompanied  with  deterioration  of  the. coal,  physically. 
The  defects  of  '*  crop  coal "  are  well  known  to  all ;  but  conditions  such  as 
cause  change  of  coal  in  the  atmosphere  cannot  be  conceived  of  as  exist- 
ing at  a  thousand  feet  below  the  surface,  where  the  supply  of  oxygen  is 
very  small  and  where  what  supply  there  is  is  fixed  very  promptly.  In 
fact,  there  is  ground  for  believing  that  the  changed  condition  of  "  crop 
coal "  is  due  to  mechanical  even  more  than  to  chemical  change. 

We  can  determine  one  point  respecting  the  time  of  consolidation- 
The  coal  of  the  Upper  Freeport,  as  well  as  that  of  the  bed  first  above  it 
in  the  Broad  Top  field,  was  thoroughly  consolidated  long  prior  to  the 
date  of  folding,  for  in  those  beds  the  fragments  were  rubbed  one  on  the 
other  until  they  became  as  thoroughly  polished  and  lenticular  as  are 
the  fragments  of  Utica  slate  in  the  Great  valley  further  east.  The 
Pocono  coal  near  Christiansburg,  Montgomery  county,  Virginia,  was 
broken  during  the  folding  into  irregular  pieces,  which  are  wedged  together 
just  as  are  the  vastly  greater  fragments  of  Pocono  sandstone  in  Wray's 
hill  of  Bedford  county,  Pennsylvania. 

But  the  whole  process  of  conversion  must  have  been  practically  com- 
plete before  the  rocks  were  consolidated — indeed,  before  the  coal  was 
buried  finally,  the  result  of  the  pressure  being  to  remove  the  water  and 
marsh  gas  and  to  consolidate  the  coal.  The  extent  of  conversion  would 
depend  largely  upon  the  length  of  time  to  which  the  peaty  material 
had  been  exposed  to  percolation  of  water.  That  practically  no  further 
change  takes  place  after  burial  and  consolidation,  is  suggested  by  the 
conditions  seen  in  the  Tiaramie  coals  of  New  Mexico  and  Colorado. 
Within  the  Trinidad  field  the  coal  is  anhydrous,  rarely  containing  more 
than  2  per  cent  of  water;  but  northward  from  Colorado  Springs  the 
coals  of  the  same  period  have  from  12  to  20  per  cent,  while  along  the 
Union  Pacific  railroad  they  have  from  6  to  13  per  cent  in  Wyoming  and 
from  1.68  to  10.66  in  Utah.*    A  similar  contrast  is  found  between  the 

*  Manrioe  :  Ann.  Report  of  the  U.  S.  Geol.  and  Geog.  Survey  of  the  Territories  for  1873,  pp.  112,113. 
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almost  hydrous  coals  of  Iowa  and  Missouri  and  the  anhydrous  coal  of 
Indian  territory. 

The  Writer's  Hypothesis  as  to  Origin  of  Coal-beds. 

But  we  are  not  left  altogether  to  suggestion  in  the  effort  to  explain  the 
origin  of  the  Pennsylvania  anthracite  as  resulting  from  continuous  loss 
of  marsh  gas  until  the  final  burial  and  consolidation. 

More  than  twenty  years  ago  the  writer,  having  discovered  that  the 
limestones  of  the  Ohio  Upper  Coal  Measures  disappear  at  but  a  little  way 
west  from  the  Ohio  river,  was  leil  to  assert  that  the  Coal  Measures  of  the 
Appalachian  basin  "  were  not  united  to  those  of  Indiana  and  Illinois  at 
any  time  posterior  to  the  Ixjwer  Coal  Meiisures  epoch  and  probably  were 
always  distinct.*'  Studies  made  in  the  Ohio  and  West  Virginia  coal- 
fields led  also  to  the  conclusion  that  the  lower  coal-beds  had  been 
deposited  as  fringing  marshes,*  and  that  the  coal-beds,  for  the  most  part, 
had  their  origin  at  the  east.  It  is  unnecessary  to  enter  into  the  details 
of  the  theory  of  the  origin  of  the  Apj)alachian  coal-beds  presented  by  the 
writer  in  1872 f  and  amplified  in  later  publications,  as  they  do  not  concern 
the  matter  at  issue  here.  It  suflices  that  on  purely  stratigraphic  grounds 
the  conclusion  was  reached  that  the  Coal  Measures  marsh  had  its  origin 
at  the  east,  and  that  it  extended  seaward  after  each  period  of  accelerated 
subsidence,  so  forming  a  new  coal-bed.  According  to  this  hypothesis 
one  should  find  in  the  northeastern  portion  of  the  Appalachian  basin 
not  only  a  greater  mass  of  coal  than  in  any  other  part  of  the  basin,  but 
also  a  greater  degree  of  conversion. 

APPLICATIOy  OF  THE  HYPOTHESIS. 

Tfikkncss  of  Coal  greatest  in  northcajitern  Portion  of  Appalachian  Basin. — 
Let  the  lower  coal  group  be  used  first  in  making  comparison  of  thick- 
nesses in  different  parts  of  the  basin. 

The  greatest  thickness  is  found  in  the  Southern  and  Middle  anthracite 
fields  and  in  the  eastern  portion  of  each.  The  variation  in  the  Southern 
field  is  from  KHy  feet  of  coal  J  at  the  extreme  east  to  18  feet  at  the  extreme 
southwest.  The  average  at  the  east  is  about  oS  feet  and  for  the  middle 
about  53  feet.  The  thickness  for  the  west  end  is  taken  from  Taylor,  but 
H.  D.  Rogers  §  thinks  it  too  great.     The  Middle  field  does  not  extend  so 

•Stevenson  cited  by  Newborry,  Gcol.  of  Ohio,  1874,  vol.  2,  part  i,  p.  109. 

t Stevenson :  Annnla  of  Lypeum  of  Nat.  Hist,  of  New  York,  1873,  vol.  x,  p.  2.V2;  Proc.  Amer.  Philos. 
Society,  1875,  vol.  xiv,  p.  2!i:{;  Second  Gool.  Survey  of  Pennsylvaniii,  Rep.  on  Fayette  and  Westmore. 
land  Di.strict,  part  ii,  pp.  '28.'{-2'.»r>. 

t  AHhburner:  Fir^t  Rep.  of  Progress  in  the  Anthraciie  Coal-fielil,  188 ^  p.  45;  Annual  Report  for 
1886,  pp.  3»>-339. 

2 Rogers:  Geol.  of  Pennsylvania,  1858,  vol.  ii,  pp.  103-195. 
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far  southwestward — ^that  is,  along  the  strike — as  does  the  Southern.  The 
thickness  of  coal  varies  from  52  to  53  feet  in  the  eastern  Middle,  and  from 
58  to  40  feet  in  the  western  Middle,  the  last  thickness  being  near 
Shamokjn  at  the  westerly  end;*  but  in  both  the  Southern  and  the 
Middle  the  Mammoth  bed  alone  sometimes  shows  more  than  100  feet  of 
clear  coal.f  The  Northern  field  in  the  westerly  portion  shows  from  44  to 
53  feet.  The  anthracite  region,  then,  except  in  the  extreme  southerly 
prongs  of  the  Southern  field,  shows  an  average  thickness  of  from  40  to  60 
feet  of  coal,  the  greater  thickness  being  at  the  northeast. 

Going  southward  or,  better,  along  the  trend,  in  this  anthracite  strip, 
the  remarkable  diminution  in  thickness  noticed  in  the  Southern  field  is 
found  to  be  not  local,  for  in  Broad  Top  the  thickness  of  coal  does  not 
exceed  14  or  15  feet,I  and  Professor  White  found  the  thickness  on  the 
ea.st  aide  of  the  Cumberland  basin  in  West  Virginia  to  be  not  more  than 
15  feet,  with  at  least  2  feet  of  slate.§ 

In  passing  from  the  anthracite  strip  to  the  bituminous  basins  one 
finds  no  prong,  like  that  of  the  Southern  field,  to  show  the  continuous 
decrease  in  thickness ;  but  that  is  not  needed,  for  the  decrease  is  suffi- 
ciently marked.  In  the  first  bituminous  basin  the  thickness  of  the  beds 
of  the  lower  coal  group,  including  all  slates  and  partings,  varies  from  21  to 
28  feet,  the  greater  thickness  being  at  the  north ;  in  the  second  basin  the 
extreme  is  19  feet  near  the  Maryland  line  and  22  feet  in  Indiana  county, 
while  in  the  third  basin  and  beyond,  the  thickness  decreases  until  at  the 
Ohio  line  it  varies  (all  slates  and  partings  being  included}  from  8  feet  6 
inches  to  13  feet  4  inches. || 

The  lower  barren  group  shows  almost  equally  striking  variations,  for 
in  the  Southern  field  the  interval  between  coal-beds  E  and  H  contains 
from  25  to  36  feet  of  coal,  partings  not  included ;  the  western  Middle 
shows  39  feet  at  the  eastern  end  and  20  at  the  western  end,  while  in  the 
Northern  field  this  interval  has  from  17  to  27  feet.  The  Broad  Top  field 
shows  not  more  than  5  feet.  No  detailed  measurement  was  made  by 
Professor  White,  owing  to  lack  of  exposures,  on  the  east  side  of  the  Cum- 
berland basin.  Elsewhere  in  Pennsylvania  and  Ohio  the  amount  of 
coal  in  this  interval  is  extremely  uncertain,  the  average  in  any  single 
section  seldom  being  more  than  4  or  5  feet,  though  occasionally,  as  in 
Guernsey  county  of  Ohio  and  Somerset  county  of  Pennsylvania,  a  bed 


•  Athbarner:  Annual  Report  for  1885,  pp.  3.39.  341.  349,  351. 
t  Ashburnor:  First  Report  on  Anthracite  Coal-field,  pp.  95,  IttJ,  ZJl,  2.32. 
;Su>voDf«on :  Geol.  of  Bedford  and  Fultou  Counties,  1882,  pp.  60,  235,  259. 
1 1.  C.  Whit<^ :  Proc.  Amer.  Phil.  Society,  vol.  xix,  pp.  440-441. 

•TheDe  meai^uremente  are  taken  from  the  reports  of  the  Second  Geol.  Surv.  of  Pennsylvania  by 
White,  Piatt  and  Stevensoo. 
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attains  to  local  importance.  The  same  contrast  appears  for  these  groups 
between  the  anthracite  region  of  Pennsylvania  and  the  bituminous  areas 
of  West  Virginia,  aa  Professor  White  has  shown.* 

Comparison  of  sections  representing  the  upper  coal  group  shows  that 
the  conditions  were  changing  in  the  Southern  field,  for  the  upper  beds 
are  thin,  seldom  exceeding  2  or  3  feet;  the  same  is  true  of  the  western 
Middle,  but  in  the  Northern  the  change  is  not  so  marked,  the  higher 
beds  comparing  very  favorably  with  those  of  the  lower  barren  group. 
The  greatest  thickness  in  the  400  feet  taken  as  equivalent  to  the  upper 
coal  group  of  the  bituminous  areas  is  26  to  29  feet  in  the  Northern,  25 
feet  in  the  western  Middle  and  11  to  12  feet  in  the  Southern  anthracite 
field.  In  the  Broad  Top  field  the  coal'in  all,  counting  partings,  does  not 
exceed  7  feet  in  a  section  of  260  feet.  Tyson  f  found  36  feet  of  coal-beds 
in  the  Cumberland  basin,  but  his  description  does  not  tell  how  much  of 
this  is  coal.  Professor  White,  however,  found  that  in  the  19  feet  8  inches 
of  Pittsburg  coal-bed  there  are  but  14  feet  6  inches  of  coal.  The  Salis- 
bury basin  of  the  first  bituminous  area  shows  16  feet  of  coal-beds  in  200 
feet  of  measures,  but  further  westward  the  thicknesses  are'so  variable 
that  no  estimates  can  be  given  that  would  be  other  than  misleading. 
The  variations  of  the  Pittsburg  bed,  however,  can  be  followed  without 
difficulty.  In  the  Cumberland  basin  it  is  14  feet  6  inches;  in  the  Salis- 
bury basin,  10  feet;  in  the  Ligonier  basin,  8  feet;  in  tlie  Connellsville  or 
Coke  basin  it  is  from  6  to  9  feet;  in  the  Greensburg,  6  to  7  feet  6  inches: 
in  the  Lisbon,  5  to  7  feet ;  but  beyond  that  it  rarely  exceeds  5  feet,  the 
extremes  in  Ohio  along  the  river  being  4ieet  6  inches  to  5  feet,  while  in 
Guernsey  county,  on  the  northwestern  outcrop  of  the  bed,  its  thickness 
is  but  4  feet  2  inches.J  Professor  Andrews  has  stated  that  at  its  last 
western  outcrop  the  bed  is  not  more  than  one  foot  thick.  That  is  itt> 
thickness  in  the  center  of  the  Appalachian  basin  in  southern  West  Vir- 
ginia. 

Conversion  greatest  in  the  northeastern  Portion  of  Appalachian  Basin. — It 
is  evident  that  the  conditions  favoring  accumulation  of  coal  in  beds 
lasted  longer  without  interruption  in  the  anthracite  region  than  in  any 
other  portion  of  the  Appalachian  basin,  for  the  amount  of  coal  decreases 
westward  and  southward  from  that  re;i;ion.  A  comparison  of  thickness 
of  beds  shows  a  tendency  to  greater  re^rularity  in  a  northeasterly  direc- 
tion within  the  first  and  second  bituminous  bavsins ;  but  it  is  unnecessarv 
and  it  would  be  very  tedious  to  enter  into  the  details  of  this  comparison. 

♦Bulletin  no.  r>5,  V.  S.  r.eol.  Survoj'. 

tTy»on:  S»'cond  Rep.  to  House  of  Delejrates  of  Maryland,  18ri2,  p.  4fi, 

X  These  measurement;*  arc  taken  from  the  writer's  reports  on  Pennsylvania  and  Ohio. 
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Relation  of  increasing  Thickness  of  Coal  to  decreasing  Volatile 

IN  Pennsylvania. 

Under  such  conditions  one  should  expect  the  amount  of  volatile  com- 
bustible matter  to  show  marked  decrease  in  the  beds  as  the}^  approach 
the  old  shorelines.  This  decrease  is  shown  by  the  analyses.  In  tlie 
anthracite  strip  the  ratios  are  as  follows : 

Cumberland  basin* 4.47  to   4.78 

Broad  Top 3.26  to    4.64 

Southern  anthracite : 

Southea«t  prong  (the  longer) 4.63  to  12.40 

Southwest  prong 8.91  to  11.30 

Main  field 11.64  to  23.27 

Western  Middle 19.87  to  24.00 

Eastern  Middle 25.53  to  30.35 

Northern 19.33  to  19.92t 

Similar  variations  are  found  along  the  trend  in  the  several  bituminous 
basins.  Thus  in  the  first,  the  Clarion  coal-bed  shows  from  2.94  to  4.84 
near  the  Maryland  line,  but  5.48  to  6.09  in  Lycoming  county  and  7.07 
to  10.28  in  Sullivan ;  the  Brookville  varies  from  2.14  in  Somerset  to  4.13 
and  6.93  in  Sullivan.  In  the  second  basin,  the  Upper  Freeport  is  2.26 
and  2.85  near  the  Maryland  border,  but  becomes  3.96  to  4.48  in  Lyco- 
ming ;  and  the  Clarion  changes  from  2.25  in  Indiana  to  3.88  in  Tioga. 
But  in  the  third  basin  it  is  not  easy  to  make  such  comparisons,  for  the 
lower  coals  are  buried  deeply  at  the  south  and  the  higher  coals  extend 
but  a  little  way  northward  from  the  Ohio  and  (-onemaugh  rivers.  At 
the  same  time,  it  is  clear  that  the  variation  becomes  much  less  in  this 
broad  basin  than  it  is  in  the  basins  nearer  the  anthracite  region,  which 
is  precisely  what  we  should  exj)ect.  There  is,  however,  a  distinct  de- 
crease of  volatile  northward,  as  shown  by  the  analyses  of  the  Upper 
Freeport  in  Beaver,  Armstrong  and  Clarion  counties.  The  result  of 
comparison  is  to  show  that  the  decrease  of  volatile  is  found  along  a  line 
following  the  trend  northward  and  along  the  line  eastward  to  which 
Rogers  referred. 

Conclusions. 

Tlie  conditions,  then,  are — 

First.  A  decided  increase  in  thickness  of  the  coal  series  eastward  or, 
better,  northeastward  toward  the  anthracite  region  and  a  less  marked 
increase  northward  in  the  bituminoUH  basins. 

•Analyses  of  the  Pitt«burK  coal-bed  only  are  accoswible. 

tThefie  results  of  analysen  are  by  Mr  A.  S.  McCreath,  except  those  from  the  .southeast  prooK  of 
th«'  Sjuthern  field,  which  are  taken  from  R.  C.  Taylor'd  Reports  on  Coal  Land8  of  the  Dauphin  and 
8a<»qnehanna  Coal  Company,  I84(.i.  Mr  McCreath>  analy8e»,  for  the  most  part,  are  in  his  second 
report,  already  quoted  so  often,  and  in  the  Annual  Report  for  1885.  « 
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Second.  A  decided  decrease  in  volatile  in  the  direction  of  increased 
thickness  of  coal,  the  decrease  being  comparatively  gradual  until  near 
the  anthracite  fields. 

Third.  That  this  decrease  is  gradual  even  in  the  anthracite  strip  from 
the  (-umberland  basin  to  the  semi-bituminous  coals  of  the  Southern 
anthracite  field,  where  the  rapid  increase  in  thickness  of  coal  is  accom- 
panied by  a  rapid  decrease  in  the  volatile. 

When,  in  1877,  the  writer  called  the  attention  of  his  colleagues  on  the 
Second  Geological  Survey  of  Pennsylvania  to  the  fact  that  the  decrease 
in  volatile  is  wholly  without  relation  to  increase  or  decrease  of  disturb- 
ance in  the  strata,  he  suggested  that  the  variation  was  due  to  differenre 
in  conditions  under  which  the  coal  had  been  formed  in  the  several 
localities  discussed — ^a  sufficiently  comprehensive  hypothesis,  but  yield- 
ing in  that  respect  to  some  others  of  later  date.  Now,  however,  there 
seems  to  be  no  good  reason  for  any  such  suggestion ;  all  that  was  needetl 
was  longer  exposure  to  the  process  whereby  ordinary  bituminous  coal 
was  formed.  In  origin,  the  anthracite  of  Pennsylvania  differs  in  no- 
wise from  the  bituminous  coal  of  the  Appalachian  basin;  but  because 
the  great  coal  marsh,  from  which  sprang  the  many  beds,  originated  in 
the  northeastern  corner  of  the  basin  and  extended  thence  on  the  ad- 
vancing deltas,  formed  by  streams  descending  from  the  Appalachian 
highlands,  the  time,  during  which  the  successive  portions  of  the  marsh 
would  be  exposed,  would  be  less  and  less  as  the  distance  from  the  north- 
east and  northern  border  of  the  basin  increased,  so  that  the  extent  of 
chemical  change  would  decrease  as  the  distance  increased.  It  is  therefore 
to  be  expected  that  in  the  northeastern  corner,  where  the  deltas  were 
formed  quickly  after  a  subsidence  and  beyond  which  they  advanced 
slowly,  as  shown  by  the  changing  type  of  rocks,  the  chemical  change 
should  have  been  almost  complete,  especially  in  the  eastern  Middle 
and  eastern  extremity  of  the  Southern  field,  which  occupy  that  part  of 
the  area  in  which  the  coal  marsh,  in  almost  every  instance,  appears  to 
have  thrust  itself  first  upon  the  advancing  delta. 

It  is  quite  possible  that  when  detailed  study  of  the  anthracite  areas  in 
Arkansas  and  Russia  have  been  made,  the  same  explanation  may  be 
found  applicable  there  also,  and  that  the  anthracite  will  be  found  near 
the  old  shoreline,  whence  the  marsh  advanced  as  new  land  was  formed. 
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Introduction. 


Two  widely  diverse  opinions  are  held  among  glacialists  in  seeking  to 
explain  how  the  ice-sheet  transported  its  drift  and  left  it  amassed  in  its 
various  deposits.  One  supposes  that  the  drift  was  carried  forward  chiefly 
beneath  the  ice,  being  pushed  or  dragged  along  in  contact  with  the  land ; 
the  other,  that  it  was  in  large  part,  or  perhaps  nearly  all,  englacial  dur- 
ing its  transportation,  being  enclosed  in  the  lower  part  of  the  slowly 
moving  ice-sheet.  According  to  the  latter  view,  which  ray  observations 
lead  me  to  accept,  the  drift  after  its  journey  in  the  ice  was  thence  de- 
posited not  only  in  the  knolls,  ridges  and  hills  called  kames,  eskers, 
iDoraines,  and  drumlins,  but  also  in  low  and  smooth  or  only  moderately 
undulating  tracts  of  till.    The  opinion  first  noted  regards  the  ice-sheet 
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as  almost  destitute  of  enclosed  drift,  excepting  very  near  its  base ;  while 
the  second  considers  the  bottom  of  the  ice  as  an  eroding  rasp  or  plow 
and  its  lowest  quarter  or  third  as  a  vehicle  and  mill  in  which  the  greater 
part  of  the  bowlders,  gravel,  sand  and  clay  of  the  drift  were  borne 
forward  and  intermingled. 

Several  examples  of  exceptionally  massive  and  conspicuous  kames, 
eskers  and  moraines,  which  I  have  examined  and  studied  in  the  United 
States  and  Manitoba,  are  described  in  this  paper,  special  attention  being 
directed  to  the  evidences  that  they  were  derived  chiefly  from  englacial 
drift.  Having  thus  shown  that  the  ice-sheet  transported  much  drift 
within  its  mass,  reasons  are  adduced  for  believing  that  likewise  nearly 
all  of  the  materials  of  our  smaller  accumulations  of  these  kinds,  and  also 
the  valley  drift,  were  of  englacial  origin.  Further  we  will  inquire  to  what 
extent  and  how  the  englacial  drift  appears  to  have  contributed  to  the 
subglacial  till  forming  drumlins  and  the  general  ground  moraine. 

Previous  literature  on  this  subject  supplies  the  following  citations  of 
authors  who  believe  that  there  was  m*ich  englacial  drift: 

J.  D.  Dana :  Transactions  Connecticut  Academy  of  Arts  and  Sciences,  vol.  ii, 
1870,  pp.  66-86.  American  Journal  of  Science,  iii,  vol.  v,  pp.  198-211,  March, 
1873,  and  numerous  papers  in  vols,  x,  xii,  xxiii,  xxiv,  xxvi,  and  xxvii,  1875-1884. 
Manual  of  Geology,  first  edition,  1862,  p.  547  ;  second  (1874)  and  third  (1880)  edi- 
tions, p.  543. 

N.  S.  Slialer:  Proceedings  Boston  Society  of  Natural  History,  vol.  xiii,  1870,  pp. 
196-204.  U.  S.  Geological  Survey,  Seventh  Annual  Report.,  for  1885-86  (pub- 
lished 1888),  pp.  322,  323. 

N.  H.  Winchell:  Geological  and  Natural  History  Survey  of  Minnesota,  First 
Annual  Report,  for  1872,  p.  62.  Popular  Science  Monthly,  vol.  iii,  pp.  293,  2^)4, 
July,  1873. 

G.  F.  Wright :  Proceedings  Boston  Society  of  Natural  History,  vol.  xix,  pp.  47-63, 
Dec,  1876;  vol.  xx,  pp.  210-220,  April,  1879.  The  Ice  Age  in  North  America, 
1889. 

C.  H.  Hitchcock :  Geology  of  New  Hampsliire,  vol.  iii,  1878,  chapter  ii,  p.  282, 
etc. 

Warren  Upham :  Proceedings  American  Association  for  the  Advancement  of 
Science,  vol.  xxv,  for  1876,  pp.  216-225.  Geology  of  New  Hampshire,  vol.  iii,  pp. 
3-19,  176,  285-309.  **  Inequality  of  Distribution  of  the  Englacial  Drift,'*  Bulletin 
Geological  Society  of  America,  vol.  iii,  1892,  pp.  134-148.  "Criteria  of  Englacial 
and  Subglacial  Drift,"  American  Geologist,  vol.  viii,  pp.  376-385,  Dec,  1891. 
"Conditions  of  Accumulation  of  Drumlins,"  American  Geologist,  vol.  x,  x^P- 
339-362,  Dec,  1892.  "Englacial  Drift,"  American  Geologist,  vol.  xii,  pp.  36-43, 
July,  1893. 

Otto  Torell:  American  Journal  of  Science,  ni,  vol.  xiii,  pp.  76-79,  Jan.,  1877. 

N.  0.  Hoist:  Paper  on  the  Origin  of  ICskers,  published  in  Sweden  in  1876,  re- 
viewed, with  notices  of  Hoist's  observations  of  englacial  drift  in  Greenland,  by 
Dr.  Josua  Lindahl  in  Ameriaiu  NatunilLst,  vol.  xxii,  July  and  Aug.,  1888. 
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References  to  the  alternative  opinion,  that  the  englacial  drift  was  of 
small  amount,  and  that  the  drift  transportation  was  mainly  subglacial, 
are  as  follows : 

James  Geikie :  The  Great  Ice  Age,  second  edition,  1877,  pp.  415,  416,  etc. 

T.  C.  Chamberlin,  U.  S.  Geological  Survey,  Third  Annual  Report,  for  1881-'82 
(published  1883),  p.  297,  earliest  proposing  and  defining  the  term  Enplacial  or 
SniHTglacial  Till.  "  Boulder  Belts  distinguished  from  Boulder  Trains— their  Origin 
and  Significance,"  Bulletin,  Geographical  Society  of  America,  vol.  i,  1890,  pp. 
27-31.  "The  Nature  of  the  Englacial  Drift  of  the  Mississippi  Basin,"  Journal  of 
Geology,  vol.  i,  1893,  pp.  47-60.  "  The  Horizon  of  Drumlin,  Osar  and  Kame 
Formation,"  Journal  of  Geology,  vol.  i,  pp.  255-267 ;  and  editorial  remarks,  pp. 
521-524. 

R.  D.  Salisbury:  Geological  Survey  of  New  Jersey,  Annual  Report  for  1891,  pp. 
65-a3 ;  ditto  for  1892,  pp.  38,  39,  50-59.  American  Geologist,  vol.  x,  p.  219;  vol. 
xi,  p.  243. 

Kames  forming  the  terminal  Moraine  op  Long  Island  eastward 

from  roslyn. 

The  outermost  moraine  southeast  of  New  York  and  south  of  New 
England,  explored  by  the  writer  fourteen  years  ago,  is  a  conspicuous 
series  of  hilla  called  "  the  backbone  of  Long  Island,"  stretching  along 
the  entire  length  of  this  island,  beyond  which  the  same  moraine  reap- 
pears farther  east  in  Block  island,  Martha's  Vineyard,  and  Nantucket."* 
Through  a  distance  of  more  than  seventy-five  miles  on  Long  island,  from 
Roslyn  east  to  Napeague  at  the  western  end  of  the  peninsula  of  Montauk, 
this  line  of  hills,  though  continuous  in  a  narrow  and  mostly  simple 
series,  doubtless  accumulated  at  the  margin  of  the  ice-sheet,  differs  re- 
markably from  any  other  equally  prominent  and  prolonged  portion  of 
any  moraine  among  the  many  which  have  been  traced  and  mapped  in 
the  northern  United  States  and  southern  Canada.  Elsewhere  usually 
the  morainic  drift  is  till,  or  at  least,  if  it  consists  partly  or  sometimes 
almost  whoUy  of  stratified  gravel  and  sand,  it  yet  has  frequent  portions 
more  or  less  filled  and  overspread  with  bowlders,  which  indeed  are  com- 
monly ten  to  twenty  or  even  fifty  times  more  abundant  there  than  in 
and  upon  adjoining  lower  till  areas.  For  nearly  twenty-five  miles,  from 
the  Narrows  east-northeast  to  Roslyn,  this  moraine  is  composed  of  till, 
or  the  unstratified  glacial  drift,  with  plentiful  bowlders,  and  rises  in 
irregular  undulating  hills  from  100  to  250  feet  above  the  sea.  But  from 
Roslyn  to  Napeague  the  accumulation  of  morainic  till,  if  any  exists  in 
the  nucleal  part  of  the  hill  range,  is  almost  completely  enveloped  and 
concealed  by  fluvial  deposits.    The  moraine  there  is  a  series  of  very 

•Am.  Jour.  Sci ,  third  series,  vol.  xviii,  Aug.  und  Sept.,  1879,  pp.  81-92, 107-^. 
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massive,  irregular  grouped  and  connected  kames,  or  hills  and  short 
ridges  of  gravel  and  sand,  distinctly  stratified,  often  in  oblique  layers, 
and  containing  water-worn  pebbles  and  cobbles  of  all  sizes  up  to  a  foot 
in  diameter,  but  having  few  large  bowlders  or  none..  Harbor  hill,  the 
highest  point  on  Long  island,  Jane's,  Ruland's,  and  Osborn's  hills  are  of 
this  mqdified  drift;  as  also  is  nearly  the  entire  range,  both  in  its  lower 
portions  and  at  its  highest  summits,  through  this  distance  of  about 
eighty  miles.  Wheatly  and  Kirby  hills,  however,  are  exceptions,  being 
composed  of  till,  while  in  a  few  other  places,  generally  of  small  area, 
bowlders  are  found  in  abundance. 

Heights  of  the  most  prominent  summits  in  their  order  from  west  to 
east  along  this  part  of  the  moraine  are  as  follows :  Harbor  hill,  half  a 
mile  east  of  Roslyn,  384  feet  above  the  sea;  Wheatly  hill,  three  inilc:* 
farther  east,  about  380  feet;  Spring  hill,  two  miles  northeast,  and  Kirby 
hill,  three  miles  east  from  the  last,  each  about  350  feet ;  Jane's  hill,  the 
highest  of  the  West  hills,  35-4  feet;  the  Dix  and  Comae  hills,  about  250 
feet ;  Pine  hill  and  Mount  Pleasant,  west  of  Ronkonkoma  lake,  about  2U^ 
feet;  the  Bald  and  Selden  hills,  200  to  300  feet;  Ruland's,  the  highe:^t 
of  the  Coram  hills,  340  feet;  Homan's  hill,  north  of  Yaphank,  about  250 
feet;  Terry's  hill, south  of  Manorville, about  175  feet;  Rock  and  Canada 
hills,  about  200  feet;  Spring  hill,  about  250  feet,  and  Osborn's  or  Bald 
hill,  293  feet,  the  last  two  being  a  few  miles  southwest  from  Riverhea<i ; 
the  East  hills,  and  the  range  onward  to  Canoe  place,  150  to  200  feet; 
Sugarloaf,  the  highest  of  the  Sliinnecock  hills,  140  feet ;  the  Pine  hills, 
150  to  250  feet,  reaching  their  greatest  elevation  three  miles  southwt^t 
from  Sag  Harbor;  and  Stony  hill,  a  mile  northeast  from  Amagansett. 
161  feet. 

My  exploration  and  study  of  this  long  range  of  morainic  kames  leads 
me  to  ascribe  them  confidently  to  streams  formed  upon  the  surface  ot 
the  ice-sheet  by  its  ablation  and  by  rains,  having  their  beginnings  many 
miles  back  from  the  ice-front,  gathering  much  of  the  englacial  drift  which 
had  become  supcrglacial,  and  depositing  tlie  coarser  part  of  their  load 
in  theSe  hills  of  gravel  and  sand  at  their  mouths,  where  their  compara- 
tively steep  and  rapid  descent  from  the  ice  was  slackened  by  reaching 
the  open  land  at  its  border. 

The  alternative  view  supposes  that  the  kame  gravel  and  sand  which 
we  find  to  have  been  amassed  in  such  vast  amount  along  this  part  of  thf 
ice-front  were  brought  there  by  subglacial  streams  coursing  across  the 
bed  of  Long  Island  sound,  ascending  thence  from  200  to  400  feet  in  their 
tunnels  beneath  the  ice,  carrying  the  modified  drift  upward  to  their 
mouths  at  the  ice-border,  and  accumulating  it  in  these  hills  100  to  250 
feet  above  the  intennediutc  hollows.     From  this  moraine  a  low  plain  of 
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finer  gravel  and  sand,  brought  by  the  same  streams,  slowly  descends  at 
the  rate  of  ten  or  twenty  feet  per  mile  southward  to  the  shore,  and  con- 
tinues onward  beneath  the  sea  level.  Many  broad  stream  courses,  now 
dry  or  occupied  by  insignificant  brooks,  extend  across  this  plain  from 
the  inorainic  hills  to  the  sea ;  and  in  some  cases  they  are  traceable  below 
the  present  sea  level,  passing  across  the  bottoms  of  the  enclosed  bays  to 
the  beach-ridge  which  divides  them  frofn  the  open  ocean.  It  is  thus 
known  that  when  the  ice-front  stood  at  its  moraine  and  the  streams  of 
its  melting  formed  the  kames  and  ran  across  this  plain,  the  land  here 
stood  somewhat  higher  above  the  sea  than  now. 

Which  of  these  views  is  the  true  explanation  of  the  origin  of  the  kames, 
whether  they  were  formed  by  streams  flowing  down  from  the  melting 
surface  of  the  ice-sheet,  or  flowing  upward  from  its  bottom,  I  am  will- 
in<^  to  leave  to  the  decision  of  phj'sicists  and  of  engineers  who  know  the 
great  hydraulic  pressure  of  the  head  of  water  under  which  the  supposed 
subglacial  streams  must  have  risen  to  the  tops  of  these  high  morainic 
kames,  which  often  stand  as  isolated  hills  with  heights  of  100  to  250  feet 
above  the  lower  ground  surrounding  them  on  all  sides. 

The  Pinnacle  Hills  Esker,  Rochester,  New  York. 

Through  the  southeast  edge  of  the  city  of  Rochester,  New  York,  a  very 
interesting  esker,  called  the  Pinnacle  hills,  extends  about  four  miles  in  a 
nearly  straight  west-southwesterly  course.  This  esker  and  the  adjoining 
country,  with  another  esker  series  several  miles  distant  to  the  southeast, 
I  examined  carefully  during  a  few  days  following  the  summer  meeting 
of  this  Society  in  Rochester  last  year,  and  have  presented  a  description 
of  these  ridges  of  drift  gravel,  with  discussion  of  their  origin,  in  the  cur- 
rent volume  of  the  Proceedings  of  the  Rochester  Academy  of  Science.* 
The  Pinnacle  hills  rise  from  a  nearly  flat  region  to  a  height  which  varies 
from  75  to  200  feet.  Their  highest  point  is  229  feet  above  the  University 
of  liochester,  502  feet  above  lake  Ontario,  and  749  feet  above  the  sea. 
(1  ravel  and  sand,  irregularly  bedded  and  containing  no  bowlders,  con- 
stitute their  principal  mass,  as  is  usual  for  the  entire  accumulations  of 
our  eskers  and  kames ;  but  in  some  very  limited  portions  the  stratified 
be<lrf  of  the  Pinnacle  hills  enclose  exceedingly  abundant  bowlders  of  all 
sizes  up  to  8  or  10  feet  in  diameter,  and  they  are  less  plentifully  but  yet 
fre<|uently  found  in  and  upon  other  considerable  parts  of  the  range,  in- 
cluding its  highest  summit.  The  difficulty  of  accounting  for  the  trans- 
l>ortation  of  the  bowlders  to  their  present  places  in  the  stratified,  river- 
deposited  esker  is  increased  by  the  proximity  of  the  rock  formation 
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from  which  some  of  them  must  have  been  derived.  These  are  Niagara 
limestone  bowlders,  which  are  a  large  proportion  wherever  bowlders  are 
found  in  this  esker ;  but  they  can  have  been  transported  no  more  than 
three  or  four  miles  from  their  parent  ledges,  since  the  northern  limit  of 
the  outcropping  belt  of  the  limestone  lies  within  that  distance. 

For  similar  reasons  as  in  the  case  of  the  Long  Island  moraine,  I  con- 
clude that  this  esker  was  deposited  by  a  stream  descending  from  the 
dissolving  ice  surface,  and  not  by  any  subglacial  river  welling  upwari 
from  an  ice-covered  tunnel  traversing  the  lowland  200  to  250  feet  beneath 
the  crest  of  the  ridge.  As  a  corollary  linked  with  this  conclusion,  the 
ascent  of  the  glacial  currents  which  had  carried  drift  into  the  ice  on  this 
area  appears  to  have  been  sufficient  to  raise  the  bowlders  within  three 
or  four  miles  from  their  sources  to  heights  exceeding  200  feet  above  the 
land  surface.  This  would  be,  however,  perhaps  no  more  than  a  gradient 
of  one  degree,  which  gives  92  feet  of  rise  in  each  mile  of  advance.  In 
other  words,  the  ratio  between  the  uplift  of  the  bowlders  into  the  ice- 
sheet  and  their  transportation  forward  need  have  been  no  more  than 
1 :  57,  instead  of  the  abrupt  ascent  which  at  first  thought  one  might  sup- 
pose to  be  required. 

Devil's  Heart  Hill,  North  Dakota. 

Several  retreatal  moraines  of  the  ice-sheet  are  united  in  a  complex  belt, 
chiefly  consisting  of  knolly  and  hilly  till,  which  stretches  along  the  south- 
ern side  of  Devil's  lake  in  North  Dakota,  comprising  the  Dovre,  Fergus 
Falls,  and  Leaf  Hills  moraines,  or  the  seventh,  eighth,  and  ninth  in  tlie 
series  of  eleven  which  I  have  traced  in  Minnesota,  North  Dakota,  and 
Manitoba.  At  an  angle  in  this  belt,  where  it  is  joined  from  the  south  by 
the  Dovre  moraine,  stands  the  most  prominent  hill  of  all  this  region, 
aloof  from  any  high  accumulations  of  the  morainic  till,  and  rising  as  a 
cone  175  feet  above  its  base,  to  a  height  of  290  feet,  as  barometrically  <le- 
terniined  l)y  Nicollet,  above  the  lake,  or  1,722  feet  above  the  sea  level. 
This  hill,  known  by  the  translation  of  its  aboriginal  designation  as  the 
DeviFs  Heart,  is  the  largest  and  most  remarkable  isolated  kame  that  has 
ever  come  under  my  observation.  Its  slopes  are  very  steep  on  all  si<Ie^ 
excepting  the  south,  where  the  otherwise  nearly  round  topped,  conical 
hill  is" somewhat  drawn  out  into  a  narrow,  more  slowly  descending  ridge. 
It  consists  of  gravel  and  sand,  mostly  not  showing  pebbles  on  the  surfoce 
larger  than  one  and  a  half  inches  in  diameter.  A  few  bowlders,  however, 
a  score  or  more  in  all,  are  seen  on  the  sides  of  the  hill  to  its  top ;  and 
one  a  foot  long  (the  only  one  seen  at  the  crest)  is  embedded  in  the  gravel 
one  rod  south  of  the  highest  point  and  less  than  one  foot  lower.    This 
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mound  I  think  to  have  been  deposited  where  a  glacial  river  descended 
frora  the  convergent  slopes  of  the  ice-sheet  to  the  open  land  contem- 
poraneouslj  with  the  formation  of  the  Dovre  moraine.  Its  material 
therefore  is  regarded  as  englacial  drift  which  had  become  superglacial. 

It  seems  very  difficult  or  impossible  to  entertain  the  alternative  hy- 
pothesis, that  the  stream  bringing  this  gravel  and  sand  and  Reaping  it 
ill  this  high,  lonely  hill,  175  feet  above  the  surrounding  country,  came 
from  a  subglacial  tunnel  which  would  pass  across  the  bed  of  the  lake  a 
few  miles  distant  on  the  north  and  more  than  300  feet  below  the  hill 
crest.  Could  a  stream  flowing  upward  from  beneath  the  ice  form  a  lone, 
conical  mound  of  so  great  height  and  carry  bowlders  up  to  its  summit? 

Bird's  Hill,  an  Esker  near  Winnipeg,  Manitoba. 

Seven  miles  northeast  of  Winnipeg,  at  the  station  of  Bird's  Hill  on  the 
Canadian  Pacific  railway,  is  the  esker  from  which  the  station  was  named. 
This  massive  ridge  of  gravel  and  sand  extends  about  one  and  a  half  miles 
in  an  east-southeast  course  and  has  a  height  about  50  feet  above  the  very 
Hat  expanse  of  the  vast  plain  of  the  Red  River  valley  which  stretches  far 
awiiy  to  the  west,  its  altitude  here  being  represented  by  the  railway,  759 
feet  above  the  sea.  On  the  northern  slope  of  the  esker  are  strewn  rather 
plentiful  bowlders,  but  none  or  very  few  occur  on  its  top  and  southern 
slope,  and  none  are  imbedded  in  its  mass,  which  is  well  revealed  by  an 
extensive  excavation  for  railway  ballast.  This  hill,  which  I  have  more 
fully  described  elsewhere,*  seems  to  me  clearly  referable  to  deposition 
by  a  rive* flowing  down  from  the  surface  of  the  melting  ice-sheet  on  the 
north.  The  bowlders  were  doubtless  dropped  or  stranded  from  bergs 
and  floes  on  the  surface  of  the  glacial  lake  Agassiz,  before  the  border  of 
the  ice-sheet  had  retreated  from  the  vicinity.  Indeed,  their  occurrence 
chiefly  on  the  northern  slope  indicates  that  they  were  mostly  stranded 
there  while  ice  yet  remained  beneath  this  deposit  and  prevented  its 
entire  submergence  in  the  lake.  The  thickness  of  underlying  ice,  when 
it  permitted  the  bowlders  to  be  stranded  only  on  the  northern  side  of 
the  ridge,  must  have  slightly  exceeded  500  feet,  since  that  was  the  depth 
of  the  early  highest  stage  of  the  ice-dammed  lake  above  the  top  of  Bird's 
hill.  We  thus  learn  that  much  drift  had  been  enclosed  within  the  ice- 
sheet  at  greater  altitudes  than  500  feet  above  the  very  level  country  on 
which  it  rested  and  from  which  the  drift  had  been  eroded  and  borne 
upward  into  the  ice. 

Another  very  noteworthy  observation  suggests  that  the  volume  of  the 
englacial  and  finally  superglacial  drift  above  that  height  averaged  several 
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feet  in  thickness.  Imbedded  in  the  gravel  of  the  ballast  excavation  I 
noted  a  mass  of  ordinary  till,  iinstratified  bowlder-clay  inclosing  gravil 
and  bowlders  in  a  solid  matrix  of  somewhat  sandy  clay,  wholly  bounded 
by  definite  but  irregular  outlines,  its  dimension  vertically  being  about 
10  feet  and  its  length  20  feet.  No  other  mass  of  till,  either  of  small  or 
large  size,  was  observed  in  this  entire  section,  which  had  an  extent  »f 
three-fourths  of  a  mile  and  a  depth  varying  from  10  to  30  feet.  This  till 
mass  probably  was  derived  from  the  drift  that  finally  overspread  the 
surface  of  the  ice-sheet  when  the  greater  part  of  its  thickness  was  melte<l, 
for  it  seems  to  have  fallen  into  the  channel  of  the  glacial  river  from  the 
brink  of  one  of  its  enclosing  high  ice-walls. 

Retreatal  Moraines  adjoining  Lake  Agassiz. 

Conspicuous  moraines  record  four  halts  or  stages  of  slight  re-advance 
of  the  ice-border,  interrupting  its  general  retreat  upon  the  country  at 
each  side  of  the  glacial  lake  Agassiz,  which  was  held  by  this  recedini: 
barrier  in  the  basin  of  the  Red  river  of  the  North  and  of  lake  Winnipt.iz. 
These  are  the  Fergus  Falls,  Leaf  Hills,  Itasca,  and  Mesabi  moraines,  bein^' 
the  most  northern  four  of  the  series  already  mapped  in  Minnesota  an<l 
the  region  extending  thence  west  and  northwest;  but  they  all  belong  to 
the  southern  third  or  half  of  the  entire  extent  of  lake  Agassiz.  Wlieii 
the  forest-covered  and  almost  uninhabited  country  northward  shall  be 
fully  explored,  probably  the  number  of  moraines  ascertained  to  have 
been  formed  contemporaneously  with  the  existence  of  this  glacial  lake 
will  be  at  least  doubled.  Each  of  the  four  moraines  noted  comprise:^ 
portions  which  rise  in  hills  150  to  200  feet  high ;  and  the  Leaf  hills,  the 
most  prominent  morainic  accumulations  ever  seen  by  me,  are  scattered 
upon  a  width  of  three  to  five  miles  along  an  extent  of  fifty  miles,  and 
lift  their  crests  100  to  350  feet  above  the  intervening  hollows  and  the 
general  drift  expanse. 

In(iuiring  how  these  high  hills  of  marginal  drift  were  amassed,  we 
must  bring  our  explanations  into  accord  with  a  very  surprising  rapidity 
of  accumulation  and  brevity  of  time  during  which  the  ice-front  was 
nearly  stationary  for  the  formation  of  each  moraine.  Comparison  of 
the  shore  erosion  and  resulting  beach  gravel  and  sand  deposits  of  lake 
Agassiz  with  those  of  lake  Michigan  shows  that  the  duration  of  the 
glacial  lake  was  no  longer  than  a  tenth  of  the  postglacial  epoch.  The 
entire  term  of  existence  of  lake  Agassiz,  therefore,  was  about  a  thousand 
years.*  Such  a  geologically  short  time  witnessed  the  recession  of  the 
ice-sheet  from  the  lake  area,  nearly  700  miles  long  from  south  to  north, 
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with  the  formation  of  all  its  adjacent  moraines,  for  any  one  of  which 
there  would  be,  in  proportion  to  its  size,  some  ten,  twenty,  or  fifty  years. 
Even  the  Leaf  hills  probably  required  for  their  accumulation  no  more 
than  half  a  century.  To  bring  the  morainic  drift  so  rapidly  and  abun- 
dantly to  the  margin  of  the  ice-sheet,  subglacial  dragging  and  pushing 
seem  to  me  quite  inadequate.  If  this  drift,  however,  was  chiefly  en- 
jrlacial  and  at  last  superglacial,  becoming  several  or  man}'-  feet  thick  on 
the  outer  part  of  the  melting  ice  surface,  a  pause  in  the  recession  of  the 
glacial  boundary,  with  a  continual  forward  movement  of  the  ice  to  its 
moraine  at  a  rate  probably  much  faster  than  the  motion  of  the  glaciers 
in  the  Alps,  but  slower  than  of  arctic  glaciers  terminating  in  the  sea, 
would  amass  a  common  moraine  in  five  or  ten  years,  and  a  few  decades 
of  years  would  suffice  to  form  the  Leaf  hills.  This  view  looks  on  the 
morainic  drift  as  brought  down  from  the  adjoining  higher  part  of  the 
ice-sheet,  where  its  currents  were  strong  and  rapid  because  the  slope 
was  steep ;  but  if  the  drift  was  transported  subglacially  it  must  have 
moved  very  slowly  on  account  of  retardation  of  the  basal  ice  currents 
by  friction  on  the  land  and  by  the  obstruction  of  the  growing  moraine, 
upon  which,  in  the  highest  hills,  the  vertical  amount  of  upward  pushing 
would  be  100  to  350  feet. 

Where  the  courses  of  continuation  of  these  moraines  traverse  the  area 
of  lake  Agassiz,  no  hills  nor  even  hillocks  are  found,  but  the  surface  has 
unusually  plentiful  bowlders.  The  drift  corresponding  to  the  moraines 
is  spread  so  evenly  that  one  scarcely  observes  any  addition  above  the 
general  sheet  of  till  forming  adjacent  parts  of  the  lake  bed ;  except  that 
one  of  these  belts  of  smoothly  levelled  morainic  till,  a  few  miles  wide, 
stretches  continuously  across  the  Red  River  valley,  rising  very  slightly 
aV)ove  its  broad  alluvial  tract  which  othenvise  is  uninterrupted  along  a 
distance  of  250  miles.  If  the  morainic  drift  was  supplied  from  the  sur- 
face of  the  melting  frontal  slope  of  the  ice-sheet,  it  would  be  washed 
away  and  levelled  in  the  lake  by  the  great  waves  of  storms ;  but  if  it  had 
been  subglacial  and  thence  was  pushed  out  and  first  uncovered  from 
the  retreating  ice  under  the  water,  much  of  it  would  have  escaped  the 
levelling  action  of  the  lake. 

The  FOREGOING  Examples  regarded  as  Types  of  the  general  Manner 
OF  Transportation  and  Deposition  op  the  Materials  op  Kames, 

ESKERS,  AND   MORAINES. 

During  my  studies  of  kames,  eskers,  and  moraines  in  many  districts, 
exploring  new  fields  each  year  since  1874,  the  explanation  of  their  origin 
chiefly  from  englacial  and  finally  superglacial  drift  has  seemed  to  me 
generally  applicable  everywhere.     Because  the  validity  of  this  explana- 
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tion  is  doubted  by  some  most  experienced  glaeialists,  I  have  subjected 
it  to  critical  reconsideration,  and  have  thereby  gained  new  confidence 
that  it  is  true.  The  examples  which  have  been  described  and  discussed 
seem  representative  of  all  our  kames,  eskers,  and  moraines.  Small 
deposits  belonging  to  these  classes,  not  less  decisively  than  the  grand 
instances  reviewed,  appear  by  similar  features  to  be  likewise  of  englacial 
derivation. 

The  drift  on  Long  island  may  be  thought  to  have  become  englacial 
only  by  being  eroded  from  the  hills  and  mountains  of  New  England  on 
the  north,  being  carried  forward  in  the  portions  of  the  ice-sheet  passing 
their  sides  and  crests;  but  at  Rochester,  N.  Y.,  and  in  the  region  of  lake 
Agassiz  and  of  Devil's  lake  in  North  Dakota,  it  must  have  been  carried 
upward  into  the  ice  on  a  nearly  flat  country.  All  glaeialists  readily 
admit  that  land  ice  flowing  over  a  mountainous  country  must  c^rry 
more  or  less  of  its  drift  onward  enveloped  within  the  ice  at  great  heights ; 
but  we  have  good  evidence  at  Rochester  that  glacial  currents  on  that 
nearly  level  area  rose  from  the  bottom  of  the  ice  into  its  mass  so  rapidly 
as  to  carry  bowlders  up  more  than  200  feet  within  a  few  miles,  and  at 
Bird's  hill  we  see  that  there  was  much  englacial  drift  borne  along  in  the 
ice-sheet  upon  that  vast  flat  region  at  greater  altitudes  than  500  feet 
above  the  ground.  Not  only  from  these  flat  areas,  but  also  from  low- 
lands among  hills  and  mountains,  I  think  that  much  drift  was  eroded 
and  carried  upward  into  the  lower  quarter  or  third  part  of  the  ice-sheet, 
being  most  abundant  near  the  ground  and  gradually  diminishing  upward. 
The  steady  accession  to  the  mass  of  the  ice-sheet  over  any  place  by  on- 
flow from  its  thicker  central  part  and  especially  by  the  accumulating 
snowfall  doubtless  forbade  the  drift  of  the  upwardly  moving  basal  cur- 
rent from  being  carried  far  into  the  ice  in  comparison  with  its  total 
thickness. 

Bowlders  and  other  drift  becoming  incorporated  in  the  higher  portion 
of  the  zone  reached  by  the  currents  flowing  upward  would  be  carried 
forward  far  at  that  height  in  some  regions,  as  from  the  Huronian  and 
Laurentian  areas  north  of  lake  Huron  to  the  bowlder  belts  in  Illinois, 
Indiana,  and  Ohio,  described  by  Chamberlin,  without  intermixture  with 
other  englacial  drift  brought  into  the  ice  by  less  powerful  currents  on  all 
the  intervening  extent,  which  in  the  case  mentioned  is  about  five  hun- 
dred miles.  The  englacial  transportation  proved  for  these  bowlders 
seems  to  me  to  imply  that  nmch  drift  of  less  distant  origin  was  carried 
in  the  ice  at  lower  altitudes,  and  that  the  portion  of  the  englacial  drift 
within  a  few  hundred  or  probably  a  thousand  feet  above  the  land,  where 
the  ice-sheet  was  a  half  mile  to  one  mile  thick,  must  have  become  well 
intermingled. 
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In  the  morainic  till,  if  I  rightly  understand  its  derivation,  we  have 
accumulations  predorninently  supplied,  especially  on  their  surface,  from 
the  upper  part  of  the  englacial  drift.  Its  bowlders  have  travelled  with- 
out attrition  and  are  deposited  usually  in  large  numbers.  A  narrow  belt 
aii^regates  as  many  unworn  rock  fragments  of  large  and  small  size  as 
belong  in  the  veneer  of  englacial  material  falling  from  the  departing  ice 
upon  the  surface  of  a  very  wide  adjoining  tract. 

When  the  returning  warm  climate  at  the  end  of  the  Glacial  period 
melted  away  the  ice,  its  ablation  exposed  the  formerly  englacial  drift 
ui»on  its  surface,  as  the  border  of  the  Malaspina  glacier  or  ice-sheet  in 
Alaska  is  found  by  Russell  to  be  covered  thickly  by  drift  which  supports 
a  growing  forest.  The  recession  of  the  Pleistocene  ice-sheet,  however, 
during  the  time  including  the  formation  of  its  complex  series  of  moraines 
ill  the  northern  United  States  and  southern  Canada,  although  often 
interrupted  and  demonstrably  attended  by  many  irregularities  and  ine- 
(jualities  in  the  rate  of  retreat  and  in  the  extent  and  duration  of  the 
oscillations  of  its  frequent  pauses  and  re-advances  when  the  moraines 
were  formed,  was  yet  probably  so  rapid  that  no  vegetation  gained  a 
foothold  on  its  drift-covered  frontal  slope.  Rains  falling  and  rills  and 
larger  streams  flowing  on  the  freshly  revealed  drift  of  the  melting  ice 
surface  gathered  portions  of  it  and  deposited  them  in  ice-walled  channels 
and  at  the  mouths  of  the  glacial  rivers  as  eskers  and  kames,  and  on  the 
adjoining  land  as  plains  of  gravel  and  sand,  and  beyond  these  as  beds 
of  fine  silt,  loess,  and  clay,  laid  down  in  lakes  or  more  commonly  in  very 
gentle  river  floods  spreading  across  wide  valleys.  Besides  the  moraines, 
kames,  and  eskers,  the  valley  drift  also,  in  its  great  volume  and  diverse 
pliaaes,  thus  seems  to  have  been  chiefly  supplied  from  drift  that  was 
enveloped  in  the  ice-sheet  at  the  time  of  its  final  melting. 

Relations  of  the  englacial  Drift  to  subglacial  Till. 

The  superficial  portion  of  the  general  sheet  of  till  which  appears  to 
have  fallen  from  the  ice-sheet  at  the  time  of  its  departure  is  commonly 
no  more  than  a  few  feet  thick ;  but  it  is  very  unequally  distributed, 
varying  from  almost  nothing  to  depths  of  forty  feet  on  some  tracts  to 
which  glacial  currents  carried  this  englacial  drift  in  exceptional  amount. 
The  lower  and  usually  much  greater  part  of  the  till  was  deposited  be- 
neath the  ice-sheet,  but  for  almost  the  entire  drift-bearing  area,  excepting 
only  near  its  boundaries,  I  think  that  this  deposition  took  place  mainly, 
or  at  least  in  large  measure,  during  the  time  of  the  recession  of  the  ice- 
sheet.  According  to  this  view,  the  drift  which  became  then  massed  in 
the  ground  moraine  had  up  to  that  time  been  englacij^l,  being  gradually 
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eroded  from  the  land  and  slowly  borne  forward  in  the  very  sluggishly 
moving  basal  portion  of  the  ice. 

Nearly  all  the  rock  surface  of  glaciated  countries  first  suffered  much 
erosion  by  the  ice-sheet,  before  the  deposition  of  its  drift.  This  impli&^ 
that  all  of  tlie  drift  on  these  great  areas  has  been  at  some  time  englacial. 
since  the  base  of  the  movuig  ice  studded  with  its  enclosed  drift  was  the 
agent  abrading  the  rock  and  {)roducing  its  striae.  Observations  of  widely 
different  glacial  striation  on  adjoining  parts  of  the  same  rock  ex[)Osure, 
the  two  sets  of  striic  being  on  surfaces  of  slightly  different  inclination 
which  join  each  other  with  a  bevelled  edge  or  angle,  con\nnce  me  that 
a  very  definite  plane  divided  the  bottom  of  the  ice-sheet  with  its  enclosed 
drift  bowlders,  pebbles,  and  sand  grains,  which  acted  as  graving  toiA<, 
from  underlying  stationary  drift  accumulations,  not  less  than  from  tlie 
immovable  bed-rock.  There  was,  at  least  in  the  places  of  these  crucial 
observations,  no  pushing  or  dragging  forward  of  the  drift  beneath  the 
ice.  Several  of  these  localities  of  adjacent  differently  striated  bevelknl 
rock  surfaces  I  have  noted  in  southwestern  Minnesota,  and  others  in 
Somerville,  Massachusetts.*  In  all  these  places  the  contrasted  directions 
of  glaciation  are  apparently  referable  to  deflections  of  a  continuous  ice- 
current,  rather  than  to  any  withdrawal  and  subseciuent  new  advance  of 
the  ice-sheet.  During  some  considerable  interval  between  the  times  of 
different  courses  of  the  glacial  current,  a  very  thin  layer  of  stationary 
drift  covering  a  part  of  the  rock  surface  protected  it  from  striation  while 
the  later  ice  erosion  engraved  its  strife  on  the  closely  contiguous  part  of 
the  same  ledge.  Here,  and  I  think  likewise  generally,  the  only  trans- 
portation of  drift  took  place  witliin  the  moving  ice-sheet,  not  by  any 
sliding  or  rolling  under  it.  Where  all  the  underlying  rock  is  glacially 
worn  and  striated,  we  must  therefore  conclude  that  all  the  drift  earlier 
or  later  was  carried  into  the  ice. 

How  the  continental  ice-sheet  could  thus  erode  all  its  rock-bed,  ex- 
cepting areas  near  the  limits  of  its  farthest  extension,  and  yet  finally 
leave  the  same  rock-bed,  upon  many  large  tracts,  completely  and  deeply 
enveloped  b}'  the  subglacial  till,  1  have  attemi)ted  to  show  in  the  accom- 
panying idealized  section  (figure  1)  of  a  portion  of  this  ice-sheet  in  the 
Mississippi  basin.  On  the  southern  part  of  the  drift  in  that  region  no 
continuous  moraines  were  accumulated,  and  I  attril)ute  their  abserice 
])rincii)ally  to  the  atteimated  condition  of  the  ice  there  and  its  lack  of  a 
steep  border.  During  the  glacial  retreat,  wherever  the  vicissitudes  of 
the  wavering  climate  caused  the  chiefly  waning  ice-border  to  remain 
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nearly  stationary  during  several  years  the  vigorous  outflow  of  the  ice  to 
its  steep  frontal  slope  brought  much  drift  which  had  been  englacial  and 
on  account  of  the  ablation  became  superglacial,  dumping  it,  as  we  may 
say,  in  the  irregular  moraine  embankments.  As  these  marginal  accumu- 
lations of  drift  record  the  position  of  the  terminal  line  of  the  ice-sheet 
when  they  were  formed,  the  name  terminal  moraines  has  been  usually 
applied  to  them,  but  they  may  also  very  properly  be  called  retreatal  or 
recessional  moraines.  Along  all  the  pathway  of  retreat  of  the  ice,  that 
is,  over  all  the  land  which  it  had  covered,  as  in  front  of  the  places  of  the 
moraines,  beneath  the  tracts  where  they  were  soon  to  be  accumulated, 
and  farther  northward,  I  think  the  deposition  of  the  subglacial  till  to 
have  been  somewhat  rapidly  in  progress  upon  a  belt  probably  20  to  50 
miles  in  width  next  backward  from  the  receding  ice  boundary,  this  belt 
being  in  gradual  retreat  from  south  to  north. 


FiocBB  I.— Section  of  the  lee-theet  in  the  Missitsippi  Basin  along  a  Distance  of  300  Miles  north  from  iU 

most  southern  Boundary. 

The  manner  in  which  the  ice  gathered  drift  into  its  basal  portion  from 
any  plain  tract  seems  to  me  explainable  by  a  consideration  of  the  cur- 
rente  of  outflow  toward  its  border.  Even  in  the  central  area  of  the  ice- 
sheet  the  currents  of  its  upper  and  lower  portions  probably  moved  out- 
ward with  quite  unec^ual  rates,  the  upper  movement  being  faster  than  at 
the  base.  This  contrast  was  increased,  however,  upon  a  belt  extending 
many  miles  back  from  the  margin,  where  the  slope  of  the  ice  surface  had 
more  descent,  for  there  the  upper  currents  of  the  ice,  unsupported  on  the 
outer  side,  would  move  very  much  faster  than  its  lower  currents  which 
were  impeded  by  friction  on  the  land.  Within  this  belt,  accordingly, 
there  would  be  a  strong  tendency  of  the  ice  to  flow  outward  with  some- 
what curved  currents  (shown  by  dotted  lines  with  arrows  in  the  figure), 
tending  first  to  carry  the  outwardly  moving  drift  gradually  upward  into 
the  ice-sheet,  and  later  to  bear  it  downward  and  deposit  it  partly  beneath 
the  edge  of  the  ice  as  subglacial  till,  and  partly  along  the  ice  boundary 
as  moraines  when  any  hajt  permitted  such  accumulation. 

A  very  good  analogy  with  the  slowly  rising  currents  which  I  believe 
to  have  existed  in  many  portions  of  the  base  of  the  ice-sheet  is  afforded 
by  the  edges  of  alpine  glaciers,  where  the  crevasses  extending  diagonally 
upjitreani  into  the  glacier  testify  that  the  movement  of  its  friction-hin- 
dered border  is  from  the  side  of  the  valley  into  the  ice.     But  the  arched 
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surface  of  the  glacier  and  the  great  supply  of  its  central  current  prevent 
the  drift  so  worn  off  and  borne  away  from  being  carried  into  the  axial 
portion  of  the  ice  stream.  Similarly  the  currents  sweeping  drift  from 
the  land  into  the  ice-sheet  were  probably  limited,  as  before  remarked,  to 
the  lower  fourth  or  third  of  its  whole  mass. 

The  abundant  englacial  drift  that  was  being  transported  very  slowly 
at  heights  not  far  above  the  ground  appears,  during  the  glacial  recession, 
to  have  been  at  last  carried  downward  beneath  the  outer  part  of  the  ice- 
sheet  an  1  amassed  in  the  usually  flat  or  moderately  undulating  ground 
moraine.  Under  certain  peculiar  conditions,  due  to  climatic  influences. 
I  suppose  that  great  quantities  of  the  ice-held  drift,  having  once  become 
superglacial,  were  again  covered  by  onflowing  ice  and  heaped  by  its  con- 
vergent descending  currents  in  the  high  oval  hills  of  till  called  drumlins. 
Rarely  some  of  these  hills,  as  Tliird  and  Fourth  cliffs  in  Scituate,  Massa- 
chusetts, and  the  Capitol,  University,  and  Observatory  hills  in  Madison, 
Wisconsin,  contain  a  nucleus  of  subglacial  stratified  sand  and  gravely 
which  is  enveloped  by  the  subglacial  till,  with  so  much  of  the  englacial 
drift  on  the  surface  as  still  remained  in  the  ice  until  its  melting  from 
these  areas. 

When  the  North  American  ice-sheet  attained  its  greatest  extent,  erosion 
probably  was  in  progress  on  all  the  ice-covered  country,  excepting  near 
its  limits,  being  most  rapid  witliin  some  such  distances  as  from  100  miles 
to  200  or  300  miles  back  from  the  boundary.  Deposition  prevailed,  we 
may  infer,  on  a  somewhat  broader  peripheral  belt  than  during  the  ensu- 
ing time  of  disappearance  of  the  ice-sheet,  which  was  attended  by  the 
recession  of  this  belt,  estimated  to  have  been  then  20  to  50  miles  wide, 
across  all  the  previously  eroded  country.  The  englacial  drift  supplied 
by  the  wide  and  long  continued  erosion  was  then  laid  down,  according 
to  the  view  here  presented,  in  great  part  and  apparently  more  than  half 
of  it  all,  as  the  ground  moraine  of  subglacial  till,  and  the  remainder 
formed  the  retreatal  moraines,  kames,  and  eskers,  and  the  valley  drift  in 
its  varieties  of  gravel,  sand,  clay,  and  loess. 


DISCUSSION. 

T.  C.  Chamberlin  :  It  is  an  undeniable  fact  that  kames,  eskers  and 
moraines  contain  a  very  considerable  percentage  of  local  material. 
Sometimes  by  far  the  larger  portion  of  it  is  derived  from  formations  not 
far  distant.  If  these  kames,  eskers  and  moraines  were  formed  from 
euglacial  material  which  became,  by  ablation,  superglacial  material,  it 
must  have  been  through  some  process  of  upward  movement  within  the 
ice.  as  urged  by  the  author  of  the  paper.  If  there  were  such  upward 
movement,  modern  glaciers  should  show  upon  their  surfaces  and  ter- 
minal slopes  material  of  like  nature.  This  they  do  not  seem  to  present, 
a3  a  rule.  There  may,  of  course,  be  exceptions.  I  have  examined  very 
carefully  the  material  on  the  surface  and  slopes  of  a  considerable  num- 
ber of  glaciers  and  found  it  invariably  of  sharp,  angular,  unworn  forms. 
I  would  call  attention  particularly  to  the  englacial  material  that  comes 
to  the  surface  on  the  terminal  slope  of  the  Rhone  glacier.  This  I  found 
to  be  altogether  angular  and  entirely  without  any  evidence  that  it  had 
been  at  the  bottom  of  the  glacier  or  had  suffered  the  rounding  which 
the  material  of  kames,  eskers  and  moraines  present.  The  basal  material 
of  the  same  glacier  was,  however,  well  rounded,  and  the  moraines  just 
below  contained  large  quantities  of  this  rounded  material. 

Frank  Leverett:  It  would  seem  as  though  a  practically  continuous 
sheet  of  drift  several  feet  in  thickness  should  have  been  deposited  during 
the  retreat  of  the  ice-sheet  if  the  amount  of  englacial  drift  were  as  great 
as  advocated  by  Mr.  Upham,  and  I  would  call  attention  to  the  fact  that 
in  districts  where  there  has  been  but  a  single  ice  invasion,  as  in  southern 
Illinois  and  in  portions  of  Illinois  and  Wisconsin  bordering  the  driftless 
area,  there  are  large  districts  across  which  the  ice-sheet  retreated  without 
leaving  a  sheet  of  drift — the  former  existence  of  the  ice-sheet  there  being 
known  only  by  the  presence  of  scattering  bowlders  and  occasional  patches 
of  till  of  slight  depth. 

H.  F.  Reid  :  Mr.  Upham  thinks  that  in  a  glacier  occupying  a  canal- 
shaped  valley  there  is  a  component  of  the  motion  at  right  angles  to  the 
sliore  in  order  to  open  the  lateral  crevasses.  This  is  not  necessary,  for 
if  the  motion  is  strictly  parallel  to  the  sides  and  is  more  rapid  as  the 
center  is  approached,  oblique  marginal  crevasses  will  be  fonned.  In  fact 
the  direction  of  motion  cannot  be  inferred  from  the  direction  of  a  crevasse 
without  also  considering  the  relation  of  the  crevasse  to  the  glacier  itself — 
that  is,  without  knowing  whether  the  crevasse  is  lateral,  transverse  or 
longitudinal. 

(85) 
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With  regard  to  the  upward  ice-currents  in  the  glacier,  I  cannot  >k 
how  they  could  he  ])r<)duced,  or  if  j)roduced  how  they  could  he  preservi^'l. 
Either  a  hole  would  be  left  under  the  ice,  into  which  the  ice  woul'i 
sink  by  its  own  weight,  or  there  would  be  left  a  mass  of  stagnant  ie»' 
over  which  the  rest  of  the  glacier  would  move.  It  does  not  appear  w]ij 
this  mass  of  ice  should  remain  at  rest  when  the  ice  immediately  behind 
it,  in  front  of  it,  and  above  it  moves. 
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Introduction. 


During  fourteen  years,  since  June  9, 1879,  my  field  observations  and 
constant  studies,  successively  for  the  geological  surveys  of  Minnesota 
and  of  the  United  States,  have  been  directed  chiefly  to  the  glacial  and 
modified  drift  of  Minnesota,  northern,  central  and  northwestern  Iowa, 
the  eastern  borders  of  South  Dakota,  nearly  all  of  North  Dakota,  except- 
ing the  country  southwest  of  the  Missouri  river,  and  the  large  prairie 
portion  of  Manitoba.  These  areas  comprise  the  upper  part  of  the  Mis- 
sissippi basin,  the  whole  district  drained  by  the  Red  river  of  the  North 
above  the  city  of  Winnipeg,  and  the  lower  part  of  the  basin  of  its  large 
western  tributary,  the  Assiniboine,  the  two  last  named  streams  being 
portions  of  the  Nelson  river  system,  sending  their  waters  through  lake 
Winnipeg  and  the  Nelson  to  Hudson  bay. 

In  mapping  the  marginal  moraines  of  the  Minnesota  and  Iowa  lobe 
of  the  ice-sheet,  the  first  and  outermost,  named  the  Altamont  moraine, 
was  found  to  extend  in  a  U-shaped  loop  south  to  Des  Moines.    Ten  later 
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approximately  parallel  retreatal  moraines,  marking  stages  of  halt  or 
slight  readvance,  interrupting  the  general  retreat  of  the  ice-sheet,  have 
been  mapped  through  Minnesota  and  North  Dakota,  and  partially  in 
southwestern  Manitoba.  These  are  the  northwestward  extension  of  the 
moraines  mapped  in  Wisconsin,  Illinois,  Indiana,  and  Ohio  by  Cham- 
berlin  and  Leverett ;  and  the  outer  two  or  more  of  their  representative:^ 
farther  east  in  New  York,  northeastern  Pennsylvania,  northern  New 
Jersey,  and  the  New  England  states  were  mapped  ten  to  fifteen  years 
ago  by  Chamberlin,  Lewis,  Wright,  C-ook  and  Smock,  and  the  present 
writer.  Within  the  last  few  years  additional  moraines  farther  north  in 
Massachusetts,  New  Hampshire,  and  Vermont  have  been  traced  by  Tarr 
and  Hitchcock.  No  other  problem  of  our  glacial  drift  can  be  more  in- 
teresting than  the  correlation  of  these  moraines  across  the  continent,  or 
at  least  from  the  Atlantic  coast  to  the  northwestern  plains  bordering  the 
Cordilleran  mountain  belt,  since  thereby  the  successive  boundaries  of 
the  whole  front  of  the  ice-sheet  during  many  stages  of  its  recession  are 
becoming  known. 

My  attention,  however,  has  been  drawn  more  to  the  history  of  tlie 
glacial  retreat  upon  the  central  south  to  north  belt  of  the  Mississippi 
and  Nelson  river  basins,  since  this  belt  includes  the  area  of  the  glacial 
lake  Agassiz,  which  was  held  in  the  basin  of  the  Red  river  of  the  Xorth 
and  of  lake  Winnipeg  by  the  barrier  of  the  departing  ice-sheet.  Through 
my  study  of  this  ancient  lake  I  have  been  led  to  careful  consideration 
of  the  retreat  of  the  ice  from  its  outer  moraines  northward  past  all  the 
numerous  and  partly  very  complex  marginal  belts  of  knolly  and  hilly 
drift  accumulated  during  pauses  of  its  recession  contemponineous  with 
lake  Agassiz,  until  this  vapt  body  of  water  obtained  avenues  of  north- 
eastward outflow  and  finally  was  drained  into  Hudson  bay,  exceptintr 
its  shallow  present  descendants,  lakes  Winnipeg,  Manitoba,  and  others, 
left  in  the  depressions  of  its  bed.  This  portion  of  the  departure  of  the 
ice  I  find  to  have  been  surprisingly  rapid.  Comparison  of  the  shore 
erosion  and  accumulation  of  beach  gravel  and  sand  by  the  waves  of  lake 
Agassiz  with  those  of  lake  Michigan  indicates  for  the  relative  durations 
of  these  lakes  a  ratio  as  1 :  10  or  1 :  20.  Lake  Michigan  has  existed  and 
worn  away  its  shores  and  built  up  its  beaches  and  dunes  during  the 
postglacial  ejioch,  which  appears,  from  various  independent  but  approx- 
imately accordant  estimates  by  N.  H.  Winchell,  Gilbert,  Andrews,  and 
others,  to  have  been  some  6,000  to  10,000  years.  The  existence  of  lake 
Agassiz,  therefore,  with  the  accumulation  of  its  several  associated  large 
moraines,  occupied  no  more  than  1,000  years. 

Is  this  conclusion  consistent  with  all  the  othenvise  known  records  and 
inferred  conditions  of  the  Ice  age  upon  this  central  belt  of  our  conti- 


LAFAYETTE   FORMATION    AND   SASKATCHEWAN   GRAVELS.  89 

nent  ?  This  question  has  led  me  to  review  in  the  present  essay  the 
series  of  formations  in  the  Mississippi  and  Nelson  river  basins  which 
belong  to  the  times  immediately  preceding,  during,  and  following  the 
Cilacial  period,  especially  considering  the  changes  in  the  altitude  and 
slopes  of  the  land  and  the  probable  measures  of  time  demanded  by  the 
processes  of  drift  transportation  and  deposition,  by  subsequent  weather- 
ing with  soil  formation,  and  by  stream  erosion.  To  take  occasionally 
such  a  view  of  the  whole  era  and  extended  area  to  which  one's  limited 
studies  appertain  seems  to  me  the  duty  of  every  working  geologist,  that 
his  interpretations  of  observations  in  his  own  field  may  be  guarded  from 
error,  and  that  perchance  his  neighbor's  field  of  exploration  may  be 
better  understood. 

The  Lafayette  Formation  and  the  Saskatchewan  Gravels. 

The  broad  lower  part  of  the  Mississippi  valley,  from  the  southern 
boundary  of  the  glacial  drift  to  Louisiana,  contains  a  very  extensive 
deposit  of  sand  and  gravel,  designated  formerly  from  its  prevailing  fer- 
ruginous color  as  the  Orange  sand,  later  called  by  McGee  the  Appomat- 
tox formation  in  its  development  on  the  coastal  plain  of  the  Atlantic 
and  Gulf  states,  but  recently  named  the  Lafayette  formation  from 
Lafayette  county  in  northern  Mississippi,  where  it  was  eariiest  discrimi- 
nated by  Professor  E.  W.  Hilgard  in  1855  and  1856.  This  formation 
was  spread  across  the  valley  plain  50  to  150  miles  or  more  in  width  along 
an  extent  of  600  miles  from  the  mouths  of  the  Missouri  and  Ohio  rivers 
to  the  gulf  of  Mexico,  during  the  closing  stage  of  the  Tertiary  era  and 
the  banning  of  the  Quaternary,  to  each  of  which  it  has  been  assigned. 
McGee,*  Chamberlin,t  and  Salisbury  J  hold  that  it  is  probably  referable 
to  the  Pliocene  period;  while  Spencer, §  Hilgard, ||  and  others,  as  it 
seems  to  me  preferably,  consider  it  as  the  earliest  of  our  Pleistocene 
formations.  Its  northern  continuation  beneath  the  glacial  drift  is  recog- 
nized by  Salisbury^  in  western  Illinois  to  a  distance  of  a  hundred 
miles  northward  from  the  Missouri  river  and  boundary  of  the  drift,  and 
gravels  believed  by  him  to  be  probably  of  the  same  formation  occur  in 
the  Wisconsin  and  Minnesota  driftless  area,  while  northeastward  he  has 


♦  Am.  Jour.  Sci.,  third  seriea,  vol.  xxxv,  Feb.,  April.  May,  and  June,  1888 ;  vol.  xl,  July,  1890.  U.  S. 
Geol.  Survey,  Twelfth  An.  Rep.,  for  1890-'9l,  pp.  347-521,  with  10  plates,  and  46  figures  in  the  text 

+  Bulletin,  G.  S.  A.,  vol.  i,  1890,  pp.  469-480.    Am.  Jour.  Sol.,  third  series,  vol.  xli.  May,  1891. 

\  Article  last  cited,  Geol.  Survey  of  Arkansas,  An.  Bep.  for  1889  (published  1891),  vol.  ii,  '*  The 
Otology  of  Crowley's  Ridge,*'  pp.  224-248. 

idi^o].  Survey  of  Georgia,  First  An.  Rep.  for  1890-'9l,  p.  62. 

I  Am.  Jour.  Sci.,  second  gericts,  vol.  xlii.  May,  1866;  vol.  xlvii,  Jan.,  1869 ;  vol.  xlviil,  Nov.,  1869  ; 
third  series,  vol.  ii,  Dec,  1871 ;  vol.  xliii.  May,  1892.    Am.  Geologist,  vol.  vili,  Aug.,  1891,  pp.  129-131. 

\  Bulletin,  G.  S.  A.,  vol.  iii,  1892,  pp.  183-186. 
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observed  the  Lafayette  gravels  in  the  Ohio  valley  in  southern  Indiana 
about  150  miles  from  the  Mississippi.  McGee  states  that  the  Lafayette 
beds  attain  their  maximum  thickness,  which  is  200  feet  or  more,  in  the 
region  about  the  mouth  of  the  Mississippi,  and  that  they  vary  thence  to 
a  thin  veneer,  the  thickness  being  proportional  directly  with  the  volume 
of  neighboring  rivers  and  inversely  with  the  extension  inland. 

Previous  to  the  maximum  advance  of  the  ice-sheet,  the  Mississippi 
river  and  all  its  large  tributaries  eroded  broad  and  deep  valleys  through 
the  Lafayette  formation  and  underlying  strata,  cutting  at  New  Orleans 
to  a  depth  of  at  least  760  feet  below  the  present  sea  level.  Along  the 
central  valley,  from  Cairo  to  the  Gulf,  this  erosion  averages  probably 
200  feet  in  depth  upon  a  belt  500  miles  long,  with  a  width  of  50  to  llX) 
miles,  excepting  isolated  plateau  remnants  of  the  Lafayette  and  older 
beds,  of  which  the  largest  are  Crowley's  and  Bloomfield  ridges,  in 
Arkansas  and  Missouri.  The  land  during  the  valley  erosion  was  cer- 
tainly 760  feet  higher  than  now,  but  this  I  think  to  be  only  a  small 
fraction  of  its  uplift.  From  the  transportation  of  northern  Archean 
pebbles  and  cobbles  of  crystalline  rocks  to  the  Lafayette  beds  of  the 
lower  Mississippi  and  of  Petite  Anse  island,  on  the  Gulf  shore,  in  the 
direct  line  of  the  axis  of  the  Mississippi  valley,  Hilgard  believes  that 
during  the  deposition  of  these  beds  the  valley  had  a  greater  descent  and 
stronger  currents  of  its  river  floods.  He  suggests  that  the  increased 
altitude  of  the  interior  of  the  continent  needed  to  give  these  formerly 
more  powerful  currents  may  have  been  4,000  to  5,000  feet,  being  suffi- 
cient, probably,  to  bring  the  cold  climate  and  ice  accumulation  of  the 
Glacial  period. 

Marine  submergence  of  the  low  coastal  and  Mississippi  valley  areas 
occupied  by  the  Lafayette  formation  is  supposed  by  McGee  and  Spencer 
to  have  been  requisite  for  the  deposition  of  its  sand  and  gravel  beds, 
but  they  see  that  immediately  afterward  the  land  was  much  higher  than 
now  to  permit  the  extensive  and  deep  river  erosion  of  that  time.  A 
simpler  view  of  the  epeirogenic  movements,  closing  the  Tertiary  era  and 
inaugurating  the  Quaternary,  seems  to  me  to  be  found  in  ascribing  these 
beds  to  deposition  by  flooded  rivers  descending  from  the  Appalachian 
Mountain  region  and  from  the  Mississippi  basin,  spreading  gravel,  sand, 
and  loam  over  the  coastal  plain  and  along  the  great  valley  during  the 
early  part  of  a  time  of  continental  elevation.  The  land  had  lain  during 
the  long  Tertiary  periods  at  lower  altitudes,  and  its  surface  was  largely 
enveloped  by  residual  clays  and  by  alluvial  sand  and  gravel.  With  the 
elevation  of  the  continent,  increased  rainfall  and  snowfall  and  resulting 
river  floods  swept  away  these  superficial  materials  from  the  higher  lands 
and  spread  them  on  the  coastal  plain  and  along  the  Mississippi  valley, 
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where  the  streams  expanded  over  broad  areas  with  shallow  and  slack- 
ened currents.  As  the  elevation  increased,  however,  the  rivers  would 
attain  steeper  slopes  and  finally  erode  much  of  the  deposits  which  they 
had  previously  made.  During  the  culmination  of  the  uplift,  producing 
tlie  northern  ice-sheet,  Chesapeake  and  Delaware  bays  were  excavated 
and  erosion  was  in  progress  at  a  far  more  rapid  rate  than  with  the 
i>resent  low  altitude  of  this  region. 

According  to  this  view  we  may  compare  the  Lafayette  formation 
with  the  Indo-Gangetic  alluvial  plain,  which  stretches  along  the  south 
side  of  the  Himalayas  from  the  Indus  to  the  Ganges,  covering  about 
-^X),1)00  square  miles  and  forming  the  richest  and  most  populous  portion 
of  India.  This  plain  rises  from  the  sea  level  to  an  elevation  exceeding 
900  feet.  Its  prevailing  formation  is  fine  silt  or  clay,  more  or  less  sandy, 
with  gravel  near  the  borders  of  the  plain.  The  central  portions  have  a 
thickness  of  at  least  400  to  700  feet,  as  determined  by  borings  which  do 
not  at  these  depths  reach  the  bottom  of  the  alluvium ;  and  this  entire 
deposit,  according  to  Medlicott  and  Blanford,  is  of  Quaternary  age  and 
of  fresh-water  origin,  having  been  laid  down  by  the  flood  stages  of  the 
rivers  that  descend  from  the  very  rainy  southern  slopes  of  the  Hima- 
layan range.* 

In  the  Nelson  river  basin  a  gravel  and  sand  formation  which  appears 
to  be  the  equivalent  of  the  Lafayette,  both  in  its  relationship  to  the 
glacial  drift  and  in  the  conditions  of  its  deposition,  is  found  by  Mr  R.  G. 
^McConnell  to  have  a  wide  distribution  upon  the  portion  of  the  north- 
west-em plains  drained  by  the  South  Saskatchewan  river  and  its  tribu- 
tairies.  It  also  is  known  to  extend  to  branches  of  the  Missouri  and  of 
the  North  Saskatchewan.    Mr  McConnell  writes : 

Under  tlie  general  name  of  the  South  Saskatchewan  gravels  are  included  the 
jK'bble  conglomerates  and  incoherent  gravels  and  silty  beds  which  are  found,  as 
valley  or  lake  deposits,  in  different  parts  of  the  district,  and  which,  although  desti- 
tute of  organic  remains  so  far  as  examined,  are  known  by  their  relative  position 
to  be  intermediate  in  age  between  the  Miocene  and  the  Quaternary,  and  to  belong 
niOHtly  to  the  period  immediately  preceding  the  latter.  They  are,  however,  not 
all  contemporaneous,  and  in  one  or  two  places  afford  evidence  by  the  admixture 
of  Ijiurentian  and  quartzite  pebbles  toward  the  top  of  a  gradual  blending  with  the 
lowest  glacial  beds.f 

Again,  in  the  valley  of  the  Mackenzie  river  from  Great  Slave  lake  to 
its  delta  this  formation,  according  to  the  following  description  by  the 
same  geologist,  underlies  the  drift  and  was  mostly  deposited  immediately 

•  Manual  of  |he  GeoloRy  of  India,  1879,  part  i,  pp.  301-421.    Quart.  Jour.  Geol.  Soc,  London, 
Tol.  xiz,  1863,  pp.  321-354.    Comparo  Am.  Jour.  Sci.,  third  series,  vol.  xli,  Jan.,  1891,  p.  48. 
f  Geol.  and  Nat.  Hist.  Survey  of  Canada.  An.  Rep.,  new  series,  vol.  i,  for  1885,  p.  70  C. 
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before  the  Ice  age,  but  in  part  was  contemporaneous  with  the  earli^l 
stages  of  the  Pleistocene  glaciation : 

The  bowlder-clay  tliroughout  the  greater  part  of  the  valley  is  overlain  by  heavy 
deposits  of  stratified  sands,  clays  and  gravels,  probably  lacustral  in  their  oritrin, 
and  is  underlain  by  a  gravel  terrane  somewhat  similar  to  and  occupying  the  saiue 
relative  position  as  the  Saskatchewan  gravels  of  the  plains  of  Alberta  and  A^ni- 
boia,  but  differing  in  containing  a  much  greater  proportion  of  Laurentian  pebbk'??. 
These  beds  have  a  thickness  in  some  cases  of  fully  150  feet,  and  contain  wt-ll- 
rounded  pebbles,  ranging  in  size  up  to  eight  or  ten  inches  in  diameter.  They  are 
intimately  connected  ^ith  the  bowlder-clay,  and  in  one  place  were  obser%'ed  to 
alternate  with  it,  and  they  seem  to  show  that  the  bowlder-clay  period  in  this  region 
was  preceded  as  well  as  followed  by  what  may  be  termed  a  lacustrine  epoch,  during 
which  the  surface  depressions  were  filled  with  extensive  lakes.* 

The  manner  of  deposition  of  the  preglacial  beds  described  here  and  of 
those  in  the  Saskatchewan  region  and  in  the  Mississippi  valley  seems  to 
me  moat  probably  to  have  been  in  each  case  by  river  floods,  rather  than 
in  the  still  waters  of  lakes  or  of  the  sea.  In  the  Saskatchewan  region 
they  lie  2,000  to  2,500  feet  or  more  above  the  ocean,  and  in  none  of  the 
districts  noted  have  any  shorelines,  marine  fossils,  or  other  proofs  of 
the  presence  of  the  sea  been  discovered. 

Glacial  Drift  and  marginal  Moraines. 

The  till  or  bowlder-clay  extends  either  continuou&ly  or  in  patches  to 
the  extreme  limits  reached  by  the  ice-sheet  in  its  maximum  advance; 
but  generally  on  the  outer  portion  of  the  drift-bearing  area  glacial  plana- 
tion  and  striation  of  the  bed-rocks  is  absent  or  rare.  Upon  the  greater 
part  of  the  area  of  the  earlier  drift,  outside  the  prominent  marginal 
moraines,  a  thin  remnant  of  the  preglacial  residuary  clay  and  decaying 
rock  is  left  beneath  the  till,  whose  material  was  derived  mostly  not  from 
the  area  over  which  it  is  spread,  but  from  districts  farther  north.  A 
broad  peripheral  belt  of  the  ice-covered  country  was  thus  characterized 
by  the  deposition  of  drift,  which  was  supplied  from  inner  portions  of 
this  area  where  the  i)redominant  action  of  the  ice-sheet  was  erosion. 

At  least  twice  the  continental  glacier  advanced  upon  the  region  of 
early  drift  in  the  Missi8sip])i  basin,  depositing  its  till  first  on  the  mostly 
or  partly  uneroded  preglacial  surface,  and  in  its  second  advance  similarly 
sparing  large  tracts  of  a  forest  bed,  whose  trees  and  peat  swamps  had 
grown  during  the  time  between  these  ice  incursions.  Russell's  obsena- 
tions  of  the  Malaspina  glacier  show  that  large  trees  may  flourish  close 

•Geol.  and  Nat.  Hist.  Survey  of  Cftiuula,  An.  Rep.,  new  series,  vol.  it,  for  1888-'89,  p.  26  P. 
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to  the  boundary  and  even  upon  the  thinned  waning  margin  of  the  ice, 
so  that  any  readvance  may  enclose  the  overwhelmed  forest  between 
dei>08its  of  till.  Indeed,  it  appears  probable  that  there  were  several 
different  stages  of  halt  and  readvance  of  the  ice-sheet  during  its  general 
retreat  from  this  area  outside  the  moraines,  and  that  the  buried  forest 
surfaces  do  not  belong  wholly  to  one  but  to  several  fluctuations  of  the 
ice-front. 

When  the  glacial  melting  had  removed  the  comparatively  thin  outer 
belt  of  the  ice-sheet  in  the  region  of  the  upper  Mississippi,  its  thicker 
central  portions,  terminating  with  steeper  gradients,  flowed  outward  to 
its  chiefly  restricted  limits  with  far  more  powerful  currents  than  those 
which  had  deposited  the  smooth  expanse  of  the  early  drift.  This  in- 
creased vigor  of  the  later  ice  action  is  shown  by  the  almost  universally 
worn  and  striated  surfaces  of  the  underlying  rock,  by  the  accumulation 
of  large  and  continuous  marginal  moraines,  and  by  the  irregular  surface 
of  the  drift  inside  the  roughly  hilly  morainic  belts,  with  swells,  ridges 
and  intervening  hollows  which  hold  many  lakes  and  lakelets. 

EHeven  retreatal  moraines,  marking  stages  of  pause  or  slight  forward 
movement  of  the  mostly  retreating  ice-margin,  are  determined  in  central 
and  northern  Iowa  and  western  Minnesota.  The  first  or  Altamont 
moraine  was  accumulated  when  the  extremity  of  the  Minnesota  and 
Iowa  ice-lobe  reached  to  Des  Moines ;  when  the  second  or  Gary  moraine 
was  formed,  it  terminated  on  the  south  at  Mineral  ridge,  in  Boone  county, 
Iowa ;  at  the  time  of  the  third  or  Antelope  moraine,  it  had  farther  re- 
treated to  Forest  City  and  Pilot  mound  in  Hancock  county,  Iowa;  the 
fourth  or  Kiester  moraine  was  formed  when  the  southern  extremity  of 
the  ice-lobe  had  receded  across  the  south  line  of  Minnesota  and  halted 
a  few  miles  from  it  in  Freeborn  and  Faribault  counties ;  and  the  fifth  or 
Klysian  moraine,  crossing  southern  Le  Sueur  county,.  Minnesota,  marks 
the  next  halting-place  of  the  ice  in  its  recession  northward.  At  the 
time  of  formation  of  this  fifth  moraine  the  south  end  of  the  ice-lobe  had 
been  melted  back  180  miles  from  its  farthest  extent  when  the  moraines 
began  to  be  amassed,  and  its  southwest  side  had  retired  30  to  50  miles 
from  the  crest  of  the  Coteau  des  Prairies  in  southwestern  Minnesota 
and  the  northeast  part  of  South  Dakota ;  but  while  these  great  changes 
in  the  area  of  the  ice-lobe  were  taking  place  its  eastern  boundary  for  30 
miles  southward  from  Saint  Paul  had  fluctuated  only  slightly,  so  that  a 
broad  compound  morainic  belt  there  represents  the  five  moraines  which 
were  formed  on  the  south  and  west.  Six  later  belts  of  marginal  hilly 
drift,  named  from  localities  of  their  typical  development  in  Minnesota, 
are  in  succession  from  south  to  north  the  Waconia,  Dovre,  Fergus  Falls, 
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Leaf  Hills,  Itasca/and  Mesabi  moraines  *  Beyond  these,  in  the  extreu.e 
northern  part  of  Minnesota,  in  Manitoba  and  onward,  probably  as  many 
more  stages  of  the  glacial  retreat  will  be  recognized  whenever  that  woodt-l 
and  uninhabited  country  shall  be  fully  explored. 

Loess  and  other  Modified  Drift  Deposits. 

Much  of  the  grist  of  drift  produced  by  the  ice-sheet  was  w^ashed  away 
by  the  streams  of  its  melting  and  of  attendant  rains,  being  depositcMl  in 
the  ice-walled  channels  of  the  glacial  rivers  as  eskers,  at  their  mouths  a? 
kames  and  kame-like  plateaus,  and  along  the  vallej's  down  which  tlu- 
streams  flowed  on  their  way  to  the  sea  as  stratified  gravel,  sand,  clay, 
and  the  fine  silt  called  loess.  All  these  genetically  related  formation^, 
supplied  directly  from  the  ice-sheet,  especially  during  its  final  recession. 
but  modified  by  currents  of  water,  being  thus  transported  various  di-^- 
tances,  assorted  in  coarser  and  finer  deposits,  and  laid  down  in  strati/icl 
beds,  are  collectively  classed  as  modified  drift,  in  distinction  from  the  un- 
modified glacial  drift  or  till.  If  we  consider  the  extensive  deposits  of  ihv 
loess  and  other  finer  and  coarser  beds  of  modified  drift  which  were  bonu- 
beyond  the  boundary  of  the  farthest  ice  advance  and  their  continuation 
northward  upon  the  till  along  all  the  large  waterways  and  on  many 
higher  tracts  of  the  glaciated  area,  it  seems  hardly  too  large  an  estimate 
to  assign  a  quarter  or  third  part  of  all  the  glacial  grist  to  this  cla.*?^  *»f 
drift  modified  by  stream  transportation  and  deposition.  As  noted  in 
my  preceding  paper,  I  believe  that  the  streams  in  gathering  this  drift 
from  the  ice-sheet  flowed  upon  its  melting  surface,  and  that  the  niodifii^i 
drift  was  nearly  all  derived  from  material  that  had  been  englacial  an<l 
became  superglacial  when  the  ice  was  melting  away. 

In  the  loess  of  the  Missouri  and  Mississippi  valleys,  a  silt  so  fine  that 
the  waters  depositing  it  appear  to  have  been  very  slowly  flowing,  broad, 
but  mostly  shallow,  river  floods  from  the  summer  melting  of  the  con- 
tinental ice  sheet,  we  have  a  formation  which  proves  that  at  the  time  ol 
maximum  ice  advance  and  during  the  early  stages  of  its  recession  tlii> 
great  river  basin  had  somewhat  less  southward  descent  than  now,  proi'- 
ably  with  a  lower  altitude,  yet  not  sinking  to  the  sea  level,  and  that  it> 
floods  spread  over  all  the  lowlands  of  the  valley  plain  between  its  enxltnl 
bluffs  capped  by  tlie  Lafayette  gravels.  During  the  cooler  portions  of 
eacli  year,  however,  the  streams  were  restricted  to  comparatively  narrow 
channels ;  and  land  shells  lived,  and  probably  grass  and  other  vegetation 
grew,  on  the  bared  flood-plain. 

♦DesfriptlonH  of  these  inorninos  are  in  the  Final  Reports  of  the  Geol.  and  Nat.  Hist  Surv.'y-f 
Minnewota.  vol.  i,  1884 ;  vol.  ii,  1888 ;  and  vol.  iv,  defxnibinK  northern  Minnesota,  yet  to  be  publJ^li*''' 
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Laterally  and  downward  the  loess  in  some  places  grades  into  the  Port 
Hudson  clays,  which  are  continuous  along  the  bottom  of  the  Mississippi 
valley  from  the  mouth  of  the  Ohio  to  the  Gulf,  having  a  thickness  of 
more  than  600  feet  at  New  Orleans.  Near  their  base  both  the  loess  and 
Port  Hudson  beds,  which  are  classed  together  by  McGee  as  equivalent 
with  the  Columbia  formation  of  the  Atlantic  coastal  plain,  often  enclose 
sandy  and  gravelly  layers,  and  they  very  commonly  appear  to  bg  con- 
formable along  the  great  river,  as  observed  by  Hilgard,  with  the  under- 
lying beds  of  the  Lafayette  formation.  Glacially  ground  rock  flour  is 
the  chief  or  sole  ingredient  of  the  Mississippi  loess,  and  it  constitutes  a 
part  of  the  Port  Hudson  clays,  while  their  greater  part,  however,  consists 
of  the  very  fine  silt  of  this  river  and  its  tributaries  during  a  time  of 
depression  of  the  land  which  followed  its  elevation  and  the  attendant 
erosion  of  the  Lafayette  sand  and  gravel  and  of  the  Tertiary  strata 
beneath.  Tlie  coarse  basal  beds  in  the  Port  Hudson  and  loess  or  Colum- 
bia formation  imply  at  its  beginning  a  close  relationship  with  the  condi- 
tions of  deposition  of  the  Lafayette,  and  they  both  seem  referable  to  the 
same  great  epeirogenic  uplift.  During  the  early  part  of  this  time  of 
elevation,  before  the  rivers  obtained  too  steep  gradients,  I  think  that  the 
I^afayette  formation  was  deposited ;  and  later,  while  the  depression  from 
this  elevation  was  bringing  the  continent  once  more  down  to  approxi- 
mately its  present  level,  as  soon  as  the  streams  again  flowed  with  such 
slopes  as  to  allow  them  to  lay  down  sediments,  they  formed  the  Port 
Hudson,  loess,  and  Columbia  deposits. 

Successively  as  the  ice-sheet  retreated,  all  the  areas  which  it  had  cov- 
ered, first  at  the  south,  then  intermediate,  and  latest  at  the  north,  were 
overspread  with  modified  drift  along  the  avenues  of  drainage.  Besides 
its  deposition  in  the  principal  valleys,  the  glacial  rivers  flowing  down 
from  the  melting  ice-sheet  accumulated  eskers,  kames  and  gravel  and 
sand  plains  where  now  no  streams  exist.  Among  these  records  of  the 
drainage  of  the  wasting  ice-sheet,  none  perhaps  are  more  remarkable 
than  the  eskers  of  loess  in  northeastern  Iowa,  which  McGee  describes 
under  the  aboriginal  name  paha.  He  also  finds  in  that  district,  as  I  had 
similarly  observed  in  the  northwestern  part  of  the  same  state,  that  the 
margin  of  the  ice  as  a  high  barrier  formed  a  boundary  of  the  loess  when 
it  was  being  deposited.  The  west  side  of  the  Minnesota  and  Iowa  ice- 
lobe  was  forming  the  Altamont  moraine  contemporaneous  with  adjacent 
river  floods  spreading  loess  across  the  Missouri  valley,  and  I  believe  that 
the  loess  deposition  was  mainly  continuous,  accompanying  the  gradual 
and  widely  extended  but  wavering  departure  of  the  ice-sheet  from  its 
farthest  boundary  to  this  outermost  of  the  conspicuous  morainic  belts. 

Xin—BuLi..  Obol.  Soc.  Am.,  Vol.  5,  1893. 
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Lake  Agassiz  and  its  Deltas. 

From  the  most  southern  part  of  the  Nelson  river  basin,  near  the  middle 
of  the  west  side  of  Minnesota,  the  glacial  lake  Agassiz  extended  north- 
ward across  the  entire  width  of  this  basin,  a  distance  of  about  700  miles ; 
for  the  waning  ice-sheet  forming  its  northern  boundary  had  doubtle&s 
receded  to  the  watershed  dividing  the  Nelson  and  Churchill  rivers  north 
of  lake  Winnipeg  before  the  latest  stage  of  lake  Agassiz  was  finally  per- 
mitted to  outflow  along  the  present  course  of  the  Nelson  river  to  Hudson 
bay.  This  glacial  lake,  growing  from  south  to  north  as  the  barrier  of  the 
continental  glacier  receded,  attained  an  area  of  not  less  than  llCtXt) 
square  miles,  exceeding  the  combined  areas  of  the  great  lakes  outflowing 
by  the  Saint  Lawrence;  and  its  depth  above  lake  Winnipeg  was  about 
600  feet.  As  noted  in  the  introduction  of  this  paper,  the  retreat  of  the 
ice-sheet  from  this  basin  appears  to  have  occupied  no  longer  time  than 
1,000  years;  but  four  large  moraines  are  found  to  have  been  formed  at 
stages  in  the  glacial  recession  contemporaneous  with  the  extension  of 
lake  Agassiz  from  its  mouth  and  southern  end  north  along  only  a  third 
part  of  its  length.  The  marginal  morainic  drift  is  thus  shown  to  have 
been  accumulated  with  a  surprising  rapidity,  which  seems  to  have  been 
possible  only  by  its  derivation  chiefly  from  englacial  and  superglacial  drift. 

Six  extensive  deltas  of  lake  Agassiz  are  found  in  the  southern,  prairie 
portion  of  the  ancient  lake  area,  which  has  been  fiiUy  explored,  with  exact 
mapping  of  its  beaches  and  deltas,  and  with  determinations  of  their 
heights  by  leveling.*  Each  of  these  deltas  consists  largely  of  modified 
drift  supplied  from  the  melting  ice-sheet  during  its  retreat  past  the  tracts 
which  they  occupy ;  and  one  of  them,  brought  wholly  by  a  glacial  river, 
lies  where  the  lake  area  now  receives  no  important  inflowing  stream. 
They  all  belong  to  the  time  of  the  upper  Herman  beach  of  the  lake,  the 
earliest  and  highest  in  a  series  of  about  thirty  well  defined  beaches  re- 
cording successive  levels  of  the  lake  due  to  erosion  of  its  outlet,  to  changes 
of  outlets,  and  to  differential  uplifting  of  the  lake  basin  so  that  single 
beaches  at  its  southern  end  are  represented  by  two,  three,  or  several,  in 
their  continuation  northward. 

Preglacial  epeirogenic  Elevation. 

Reviewing  these  Pleistocene  formations  of  the  great  central  river  basins 
of  the  United  States  and  Canada,  I  agree  with  Professor  Hilgard  in  his 
interpretation  of  the  Lafayette  gravel  and  sand  beds  as  river  deposits 

*Geol.  and  Nat.  Hist.  Survey  of  Minnesota,  Eighth  An.  Rep.,  for  1879,  pp.  84-87 ;  Eleventh  An. 
Rep.,  for  1882,  pp.  ia7-15:i,  with  map  ;  and  Final  Report,  vols.  1  and  ii.  U.  S.  Geol.  Survey,  Bulletin 
no.  39,  pp.  84,  with  map.  (ieol.  and  Nat.  Hist.  Survey  of  Canada,  An.  Rep.,  new  scriei*,  vol.  iS  ^^^ 
1888-*89,  part  E,  pp.  156,  with  two  maps,  and  sections. 
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formed  during  a  preglacial  time  of  high  epeirogenic  uplift  of  the  northern 
part  of  this  continent,  whose  culmination  was  attended  by  the  accumu- 
tion  of  the  ice-sheet.  On  the  high  plains  in  the  Saskatchewan  part  of 
the  Nelson  basin  similar  beds  underlie  the  glacial  drift  and  are  inti- 
mately associated  with  its  lower  portion.  In  the  Mackenzie  valley  strati- 
fied gravel  and  sand  likewise  preceded  the  drift  and  their  upper  part 
was  interbedded  with  deposits  of  till.  All  these  preglacial  beds  seem  to 
me  more  closely  related  to  the  Glacial  period  and  the  conditions  pro- 
ducing the  ice-sheets  than  to  the  preceding  very  long  Tertiary  era,  and 
for  the  same  reasons  which  have  been  well  stated  by  Hilgard  and  Spencer, 
namely,  their  dependence  alike  on  the  epeirogenic  elevation.  With  the 
Ice  age  we  should  unite  the  probably  much  longer  preglacial  time  of 
gradual  uplift  of  the  continent,  and  the  postglacial  or  recent  period  in 
which  we  live,  to  form  together  the  three  successive  parts  of  the  Qua- 
ternary era. 

How  long  the  early  part  comprising  the  epeirogenic  uplift,  represented 
by  the  deposition  and  erosion  of  the  Lafayette  formation,  may  have  been, 
we  can  only  vaguely  or  perhaps  approximately  estimate.  During  the 
beginning  of  the  uplift  its  effect  would  be  probably  to  increase  the  trans- 
portation and  deposition  of  gravel  and  sand  by  the  rivers  many  times 
beyond  their  present  action.  The  rate  of  average  land  erosion  now  pre- 
vailing throughout  the  drainage  area  of  the  Mississippi  is  supposed  by 
McGee  to  be  competent  to  supply  in  about  120,000  years  a  volume  of 
river  gravel,  sand,  and  silt  equal  to  the  original  Lafayette  formation  in 
the  Mississippi  valley.  With  the  greater  altitude  and  increasing  slopes 
of  the  land  during  the  deposition  of  the  Lafayette  beds  it  may  have 
required  a  third  or  a  sixth  of  the  time  here  mentioned,  that  is,  some 
40,000  or  20,000  years.  As  the  elevation  continued,  however,  rapid 
fluvial  erosion  of  those  deposits  and  of  the  underlying  strata  ensued, 
which  was  extended  over  so  long  and  broad  an  area  of  the  lower  Missis- 
sippi valley,  and  to  such  depth,  that,  even  with  the  high  continental 
elevation  of  2,000  to  3,000  feet  known  from  submerged  valleys  off  both 
the  Atlantic  and  Pacific  coasts,  it  must  have  required  a  long  period. 
Perhaps  it  may  be  reasonably  estimated  twice  as  long  as  the  time  of  the 
deposition,  or  somewhere  between  40,000  and  80,000  years.  Meanwhile  the 
northern  ice-sheet  was  accumulated,  doubtless  fluctuating  much  during 
its  time  of  gradual  growth  and  advance  as  afterward  during  its  decline. 

Depression  of  the  Land  previous  to  the  maximum  Stage  op  the 

Glaciation. 

The  loess,  deposited  by  very  gentle  currents  of  broad  river  floods  in 
the  Missouri  and  Mississippi  valleys,  attending  the  maximum  extension 
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of  the  ice-sheet  and  accompanying  its  departure  up  to  the  time  of  for- 
mation of  the  great  marginal  moraines,  testifies  that  previous  to  the 
farthest  glacial  advance  the  land  sank  to  its  present  altitude,  and  prob- 
ably somewhat  lower  on  the  area  of  the  early  drift,  but  not  to  the  sea 
level.  The  vast  weight  of  the  continental  glacier  seems  to  have  been  the 
chief  or  only  cause  of  this  subsidence,  as  was  first  pointed  out  by  Jamie- 
son  for  the  similar  depression  of  the  British  Isles  and  Scandinavia  at  the 
time  of  final  melting  of  the  European  ice-sheet.  The  explanation  of 
this  continuance  of  the  ice  accumulation  and  advance  after  the  depres- 
sion of  the  land  began  and  until  the  maxima  both  of  the  land  subsidence 
and  ice  extension  were  attained,  with  a  low  altitude  and  even  less  de- 
scent of  the  lower  Mississippi  than  now,  has  been  well  given  by  Le  Cont^i 
in  a  paper  before  this  Society.*  The  subsidence  was  doubtless  slow, 
even  though  probably  many  times  faster  than  the  preceding  uplift  It 
may  have  occupied  only  5,000  years,  being  at  a  yearly  rate  of  a  half  a 
foot  to  one  foot;  but  possibly  it  was  two  or  three  times  as  long.  While 
the  slow  sinking  of  the  land  was  taking  place,  the  accumulation  of  the 
ice  by  snowfall  may  have  proceeded  at  a  somewhat  more  rapid  rate,  so 
that  the  thickness  of  the  ice-sheet  and  the  altitude  of  its  surface  were 
increasing  up  to  a  maximum  nearly  coincident  with  that  of  the  sul>- 
sidence.  Finally,  however,  the  subsidence  brought  a  warmer  climate 
on  the  southern  border  of  the  ice,  causing  it  to  retreat,  and  giving  to  it 
in  the  region  of  the  marginal  moraines  a  mainly  steeper  frontal  gradient 
and  more  vigorous  currents  than  during  its  growth  and  culmination. 

Re-elevation  during  the  Departure  of  the  Ice-sheet. 

When  the  ice-melting  relieved  this  part  of  the  earth's  crust  from  itj' 
burden,  and  as  fast  as  the  ice-sheet  receded,  there  followed  a  re-elevation 
of  the  land  to  nearly  its  present  height.  First  at  the  south  the  region 
of  the  loess  and  of  the  driflless  area  in  AVisconsin  and  adjacent  states 
was  uplifted  so  that  the  rivers  speedily  eroded  much  of  their  recently 
dei)osited  fine  glacial  silt.  The  streams  discharged  from  the  ice-border 
during  the  formation  of  the  moraines  mostly  flowed  with  strong  cur- 
rents, laying  down  gravel  and  sand  beds  along  the  bottoms  of  valleys 
bordered  by  high  terrace  remnants  of  the  loess.  I^ater  the  area  of  lake 
AgJissiz  was  uplifted,  causing  its  earliest  upper  beach  to  have  a  gradual 
ascent  averaging  about  one  foot  per  mile  along  an  explored  distance  of 
400  miles  from  south  to  north ;  and  this  uplift  was  rapid,  being  nearly 
completed  before  the  formation  of  the  lowest  and  latest  beaches  of  thi^ 
lake,  which  are  almost  or  quite  horizontal.     The  central  and  northern 

•  Bulletin  G.  S.  A.,  vol.  il,  l-siH,  pp.  .129,  :J30.    Compure  Lo  Conte's  EiemeDts  of  Geology,  third  eJi 
tion,  1891,  p.  5{j9. 
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portions  of  the  lake  area  were  uplifted  400  feet  or  more,  and  the  greater 
part  of  the  elevation  took  place  during  the  first  quarter  or  third  of  the 
lake's  existence — that  is,  at  a  probable  rate  of  about  one  foot  yearly, 
latest  of  all,  the  regions  having  postglacial  marine  beds  above  the  till,  in- 
cluding the  basin  of  Hudson  bay,  the  Ottawa  and  Saint  Lawrence  valleys, 
and  the  basin  of  lake  Champlain,  were  raised  from  their  partial  marine 
submergence,  so  that  these  recent  beds  containing  sea  shells  are  300  to 
5fK)  feet  above  the  sea  level.  A  wave  of  mainly  permanent  uplift  fol- 
lowed and  closely  attended  the  recession  of  the  ice-sheet  from  the  south- 
ern boundary  of  the  drift  to  the  central  district,  where  the  ice  was  thickest 
and  its  remnants  were  doubtless  latest  melted  away. 

Estimates  of  the  Duration  of  the  Quaternary  Era. 

The  observations  of  the  volume  of  the  lake  Agassiz  beaches,  as  before 
stated,  show  for  that  lake  a  geologically  very  short  existence,  of  about 
1,000  years.  All  the  conspicuous,  far  extended  moraines,  belonging  only 
to  the  area  of  the  later  drift,  were  probably  formed,  like  those  traversing 
the  lake  Agassiz  region,  in  a  short  time,  apparently  no  more  than  twice 
that  of  the  glacial  lake.  A  similar  or  perhaps  longer  time  seems  to  me 
re<iuisite  for  the  preceding  reluctant  and  wavering  recession  of  the  ice, 
under  the  warm  climate  brought  by  the  depression  of  the  land,  from  its 
outermost  limit  across  the  area  of  the  early  drift  to  the  first  of  these 
moraines.  I  am  therefore  led  by  this  review  to  concur  with  Prestwich 
in  his  opinion  expressed  as  follows,  concerning  the  duration  of  the  Ice 
age: 

For  the  reasons  before  given,  I  think  it  possible  that  the  Glacial  epoch — that  is 
tf)  Hay,  the  eix)ch  of  extrcine  cold — may  not  have  lasted  longer  than  from  15,000  to 
25,000  years,  and  I  would,  for  the  same  reasons,  limit  the  time  of  .  .  .  the 
melting  away  of  the  ice-sheet  to  from  8,000  to  10,000  years  or  less.* 

Arranged  in  chronologic  order,  we  have  derived  for  the  three  parts  of 
the  Quaternary  era,  as  here  defined,  the  following  estimates  of  their 
duration :  the  time  of  preglacial  epeirogenic  elevation,  with  the  deposi- 
tion and  erosion  of  the  Lafayette  beds,  some  60,000  to  120,000  years ;  the 
Ulacial  period,  regarded  as  continuous,  without  interglacial  epochs, 
attending  the  culmination  of  the  uplift,  but  terminating  after  the  sub- 
i»idence  of  the  glaciated  region,  20,(XX)  to  30,000  years,  and  the  Post- 
jrlacial  or  Recent  period,  extending  to  the  present  time,  6,000  to  10,000 
years.  In  total,  the  Quaternary  era  in  North  America,  therefore,  has 
comprised  probably  about  100,000  or  150,000  years,  its  latest  third  or 
fourth  part  being  the  Ice  age  and  subsequent  time.     The  Tertiary  era 

*  Geology,  vol.  il,  1888.  p.  534. 
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appears  by  the  changes  of  its  marine  moUuscan  faunas  to  have  been 
vastly  longer,  having  comprised  perhaps  between  two  and  four  million 
years,  of  which  the  Pliocene  period  would  be  a  sixth  or  eighth  part,  thus 
exceeding  the  whole  of  the  ensuing  era  of  great  epeirogenic  movements 
and  resulting  glaciation. 

DISCUSSIOK 

W  J  McGee  :  Mr  Upham's  communication  is  a  highly  interesting  and 
suggestive  one ;  but,  in  speaking  of  the  Columbia  and  Lafayette  forma- 
tions as  intimately  related,  if  not  essentially  a  unit,  he  falls  into  a 
serious  error,  though  an  error,  perhaps,  not  surprising  on  the  part  of  one 
who  has  not  seen  the  formations  in  question.     If  there  is  one  pre- 
dominant general  fact  in  the  geology  of  southeastern  United  States,  it 
is  the  fact  of  the  unconformity  between  the  Columbia  and  Lafayette 
formations,  the  greatest  unconformity  of  the  entire  Coastal  plain  series, 
extending  in  time  from  the  Cretaceous  to  the  present,  and  in  space  from 
the  Hudson  to  the  Rio  Grande.    This  unconformity  represents  erosion 
approaching,  if  not  reaching,  1,000  feet  in  depth  in  the  lower  Missis- 
sippi region,  and  from  300  to  500  or  mpre  feet  in  depth  at  the  embou- 
chures of  the  other  rivers  of  the  Coastal  plain,  save,  perhaps,  oflF  cape 
Hatteras,  where  the  depth  may  perchance  not  exceed  a  hundred  feet. 
The  unconformity  is  represented  by  widespread  erosion  over  areas  indi- 
vidually embracing  thousands  of  square  miles,  from  which  the  entire 
formation  has  been  removed,  as  in  the  Mississippi  embayment  area  of 
150  by  600  miles ;  it  is  represented  not  only  by  the  removal  of  fully  half 
of  the  original  volume  of  the  Lafayette  fonnation,  but  by  the  d^rada- 
tion  of  an  equal  or  greater  volume  of  subjacent  formations  of  Neocene, 
Eocene,  and   Cretaceous  age  beneath.     The  Columbia  and  Lafa^-ette 
formations  are  by  no  means  the  deposits  of  a  single  period ;  they  were 
not  at  all  closely  connected  in  time;  the  unconformity  between  them, 
representing  erosion  to  an  average  depth  of  some  hundreds  of  feet 
vertical  over  an  area  of  some  hundred  thousand  square  miles,  is  the 
most  impressive  record  of  coastal  j)lain  history. 

R.  D.  Salisbury  :  Our  interpretation  of  Lafayette  and  Columbia  in 
New  Jersey  must  still  be  regarded  as  in  some  sense  tentative ;  but,  if 
we  have  interpreted  correctly,  the  break  between  the  Lafayette  and  the 
Columbia,  instead  of  being  a  minor  one,  is  one  of  great  magnitude, 
representing  a  great  time  interval.  It  probably  exceeds  in  importance 
any  subsequent  break  in  the  geologic  series. 
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Introduction. 


Our  science  has  been  characterized  as  one  whose  goal  today  is  its 
starting-point  tomorrow.  Nothing,  therefore,  can  be  more  suitable  to  an 
occasion  of  this  kind  than  a  glance  at  some  of  those  questions  at  present 
most  actively  discussed,  and  on  which  we  have  within  the  last  few  months 
been  reading  the  arguments  and  conclusions  of  some  of  our  ablest  workers. 
We  may  even  venture  to  make  some  modest  suggestions  as  to  the  manner 
of  possible  settlement  of  these  questions,  and  thus  aid  in  clearing  the  way 
for  those  advances  which  in  the  near  future  must  leave  our  present  stand- 
point far  in  the  rear.  Such  a  review  must  necessarily  be  discursive  and 
fragmentary — s,  sort  of  conglomerate  in  its  material,  but  some  consistency 
may  be  given  to  it  by  regarding  its  several  topics  in  their  relation  to  the 
foundation  and  building  up  of  our  continents,  one  of  the  great  leading 
points  of  geologic  investigation. 

Pre-Cambrian  Rocks. 

Beginning  with  those  ancient  Archean  or  Eozoic  formations,  which  are 
the  foundation-stones  of  the  earth,  and  in  nearly  every  part  of  the  world 
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may  be  BUen  Iq  underlie  the  other  members  of  our  geologic  column,  w<- 
hava^fiferiljy  learned  from  Sir  Archibald  Geikie*  that  the  great  contn> 
v^Pglt^.wKich  have  raged  as  to  these  rocks  in  the  west  highlands  of  Scot- 
,  i|Lilc^  ever  since  the  order  assigned  to  them  by  ^lurchison  was  called  in 
•  question  by  my  friend  and  fellow-student,  Professor  Xicol,  of  Abenleen, 
has  been  finally  settled.  On  comparing  his  arrangement  with  American 
facts,  and  especially  those  displayed  in  the  unequalled  exposure  of  thesjc 
rocks  in  Canada,  it  would  appear  that  the  following  correlations  may  be 
stated : 

The  older  gneissic  group  of  the  west  Highlands  of  Scotland  does  not 
contain  the  whole  of  the  Laurentian  of  Logan,  the  I^ewisian  of  Murchison, 
but  only  or  mainly  the  lower  part  of  it,  the  Ottawa  group  of  the  Canadian 
survey.  A  certain  limited  track  at  Ix)ch  ISIaree  not  improbably  rei)rc'- 
sents  the  Upper  Laurentian  or  Grenville  series,  and  this  certainly  occurs 
in  the  western  islands.  I  use  the  term  Upper  Laurentian  in  the  sense* 
recently  given  to  it  by  Dr  Adams  ;t  the  original  Upper  I-<aurentian 
apparently  consisting,  in  what  was  regarded  as  its  typical  area,  mainly 
of  igneous  products.  It  is  to  be  observed,  however,  in  this  connet^tion 
that  over  large  areas  in  the  west  the  Upper  I^aurentian  is  absent,  or  has 
been  removed,  or  is  replaced  by  rocks  of  somewhat  different  character 
from  those  of  the  east. 

I  take  this  opportunity  to  o}>ject  to  the  term  "  Archean  or  Basement 
Complex"  applied  by  some  geologists  to  these  formations.  Every 
geologic  formation  is  complex,  especially  when  disturbed  and  invaded 
by  igneous  rocks,  but  none  is  more  simple  than  the  Ix)wer  Ijaurentian, 
as  it  consists  almost  entirely  of  orthoclase  gneiss ;  and  even  the  igneous 
masses  and  veins  have  been  introduced  so  quietly  and  with  so  little  of 
the  violence  of  modern  vulcanism  that  it  is  not  easy  to  separate  them 
from  the  old  beds  with  which  they  are  so  intimately  united.  I  may  add 
that  it  seems  likely  that  the  Ix)wer  Ijaurentian  isjthe  oldest  formation  we 
shall  ever  know,  and  that  its  peculiar  characteristics  depend  on  its  con- 
stituting the  earliest  deposits  from  water  on  the  thin  crust  of  a  lately 
incandescent  globe. 

The  Torridon  sandstones  and  the  associated  beds  of  Geikie  seem  in 
mineral  character  and  in  association  with  the  Laurentian,  and  in  the  few 
fossils  which  they  contain,  to  be  equivalent  to  the  Huronian  of  Logan. 
The  Dalradian,  at  least  in  Ireland,  would  seem  to  be  of  similar  character 
and  age.' 

•  The  Uriconian  and  Ix)ngmyndian  of  Geikie  probably  include  the 
eciuivalents  of  our  Kewenian,  and  the  same  may  perhaps  be  said  of  the 

•  Journal  of  Geologj',  vol.  1,  namber  1, 1893. 
t  Journal  of  Geology,  vol.  1,  number  4, 1893. 
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Dalradian  of  Scotland.  Some  portions  of  these  rocks  may,  however,  be 
the  same  with  what  in  Canada  has  been  called  by  Matthew  "  Basal 
Cambrian." 

It  Ls  evident  that  in  Scotland,  as  in  North  America,  the  Laurentian 
roc»ks  have  been  elevated  into  land  before  the  deposition  of  the  Huronian, 
and  that  the  latter  and  the  Kewenian  are  coarse  littoral  deposits  clinging 
to  the  Laurentian  shores,  protected  in  part  from  lateral  crushing  by  their 
hard  Laurentian  base,  and  represented  at  a  greater  distance  from  the  old 
land  by  formations  which  have  sometimes  received  different  names,  and 
which  are  usually  in  a  state  of  greater  alteration  and  compression. 

It  may  be  remarked  here  that  in  Canada,  though  the  Laurentian  beds 
are  much  folded  and  contorted,  they  are  comparatively  little  affected  by 
faults  or  overthrusts,  and  the  succession  is  often  extremely  clear,  while 
the  outcrops  of  individual  beds  can  be  traced  over  great  distances.  This 
applies  especially  to  the  Upper  or  GrenAolle  series,  holding  the  great 
limestones  and  beds  of  grajihite  and  magnetite  and  the  serpentinous  lime- 
stone containing  eozoon. 

The  simple  arrangement  of  the  infra-Cambrian  rocks  as  Kewenian, 
Huronian  and  Upper  and  Lower  Laurentian  is  further  vindicated  by 
Walcott's  section  in  the  Colorado  canyon,  which  shows  them  not  only 
.superimposed  but  unconformable.  The  lowest  member  is  a  granitic 
r(K*k  probably  equivalent  to  the  fundamental  gneiss.  Walcott  has  found 
in  the  upper  part  of  the  infra-Cambrian  an  obscure  discina-like  or  steno- 
theca-like  shell  and  a  fragment  resembling  the  cheek  of  a  small  trilobite. 
Still  lower  are  the  stromatoporoid  masses  of  supposed  Oryptozoum.  Some 
specimens  of  this,  recently  sliced,  show  distinct  traces  of  structure  similar 
to  that  of  HalPs  typical  species  of  Ci-yptozoum. 

From  long  acquaintance  with  these  rocks  I  conclude  that  the  fourfold 
arrangement  of  Lower  Laurentian,  Upper  Laurentian,  Huronian  and 
Kewenian  will  include  them  all,  and  that  the  name  Algonkian,  recently 
])roposed,  is  merely  provisional  and  equivalent  to  pre-Cambrian,  which 
has  been  used  to  include  rocks  of  uncertain  classification  in  the  base  of 
or  older  than  the  Paleozoic. 

Mountain-making. 

It  is  an  easy  transition  from  the  old  crystalline  rocks  to  the  mountain 
nmjises  which  so  largely  consist  of  them,  and  our  knowledge  of  the  fold- 
ings, crumplings  and  overthrusts  of  the  older  rocks  certainly  gives  muoh 
help  in  the  comprehension  of  mountain-making.  Yet  we  must  not  for- 
get that  all  mountains  are  not  made  up  of  old  rocks  folded  and  pushed 
over  or  under  each  other.    Mountains  of  great  magnitude,  like  Etna, 
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Vesuvius,  and  the  cone  of  Cotopaxi,  are  built  up  of  materials  ejected 
from  below  in  the  manner  of  mole-hills  or  the  dump  of  a  mine.  As  I 
do  not  like  the  modem  method  of  inventing  grandiloquent  names  for 
structural  features,  I  shall  call  this  class  "  dump  mountains."  The  oios^t 
curious  thing  about  them  from  our  present  point  of  \dew  is  the  fact  that 
they  do  not  crush  down  the  crust  under  them  as  sedimentary  deposits 
would,  and  this,  as  any  one  can  easily  understand,  depends  on  the  cir- 
cumstance that  the  very  existence  of  such  mountains  is  an  effect  of  the 
upward  pressure  of  matter  beneath  them.  It  may  be  said  that  such 
mountains  are  modern ;  but  it  is  true  that  some  very  old  elevations  are 
remnants  of  the  denudation  of  ancient  piled-up  cones. 

Another  class  of  mountains,  which  may  be  named  "  blister  mountains/' 
is  produced  by  the  gentle  swelling  up  of  the  crust  without  any  folding. 
Such  mountains  are  the  Catskills,  the  western  Sierra,  some  mountains  of 
old  red  sandstone  in  Scotland,  and  the  high  chain  of  Lebanon,  which  at 
its  summit,  10,000  feet  above  the  sea,  presents  horizontal  beds  of  lime- 
stone falling  away  in  mural  precipices.  Such  mountains,  unless  sup- 
ported merely  by  the  heating  and  expansion  of  matter  below,  must  be 
sustained  by  the  horizontal  injection  of  mobile  matter  beneath  them. 
Hence  the  elevation  of  these  mountains  may  imply  much  movement  of 
softened  rock  beneath  the  crust,  of  a  kind  altogether  distinct  fix)m  lateral 
pressure  at  the  surface. 

The  greater  and  more  typical  ranges  of  mountains,  however,  like  the 
Alps  and  the  Appalachians,  are  mountains  of  crumpling,  showing  evi- 
dence of  enormous  lateral  pressure  proceeding  from  the  adjoining  sea 
basins,  and  to  this,  it  is  now  almost  universally  admitted,  their  elevation 
must  be  in  great  part  due.  We  must  note  here,  however,  that  in  all 
great  mountain  ranges  all  these  kinds  of  elevation  are  observed,  for 
mountain-making  on  the  great  scale  has  implied  not  only  plication  but 
the  elevation  of  plateaus  and  tablelands  and  volcanic  ejections  as  well- 
Two  momentous  questions  arise  here:  Whence  the  pressure;  and 
why  has  it  acted  along  certain  determinate  lines  ? 

The  last  of  these  questions  comes  first  in  order  of  time,  for  it  seems 
established,  and  in  this' country  has  been  well  illustrated  by  Hall,  Dana 
and  Rogers,  that  the  main  lines  of  folding  occur  where  the  thickest  sedi- 
ments have  been  deposited  along  the  borders  of  the  oceans,  and  where, 
consequently,  the  lower  parts  of  such  sediments  have  been  pushed  by 
subsidence  far  down  toward  the  heated  interior  of  the  earth.  Again, 
whatever  reasons  may  be  urged  against  such  a  conclusion,  it  is  evident 
that  the  crust  underlying  the  oceans  is  the  strongest  of  all,  and  that  it 
must  have  been  the  pushing  or  resisting  agent.  The  mountain  regions 
of  western  America  have,  according  to  the  Geological  Survey  of  Canada, 
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been  pushed  eastward  by  the  Pacific  area  more  than  two  degrees  of  lon- 
gitude, and  Claypole  affirms  that  the  sediments  of  the  Appalachians 
have  been  reduced  to  one-third  of  their  original  breadth  by  the  pressure 
of  the  Atlantic  basin. 

All  this  is  explicable  at  once  on  the  old  contraction  theory,  so  ably  ex- 
I>ounded  in  this  country  by  Le  Conte.  The  thick  resisting  ocean  basins 
have  settled  downward  toward  the  center  of  the  earth ;  they  have*  at  the 
same  time  caused  the  mobile  matter  beneath  them  to  ooze  out  in  volcanic 
ejections  or  to  slide  laterally  under  the  lighter  parts  of  the  continents. 
They  have  thus  exerted  a  great  lateral  pressure  on  their  sides,  much  as 
the  thick  coating  of  ice  on  one  of  our  northern  lakes  casts  up  ridges  on 
its  margin.  It  is  objected  to  this  that  the  earth  is  a  rigid  mass,  and  that 
the  zone  of  lateral  pressure  by  contraction  is  very  superficial ;  but  rigid- 
ity is  a  relative  term — everything  can  be  made  to  submit  to  adequate 
pressure ;  and  however  physical  demonstration  may  establish  the  solidity 
of  the  earth,  we  may  say  as  did  Galileo,  though  in  a  somewhat  different 
connection,  we  are  sure,  nevertheless,  that  it  moves ;  and  the  sediments 
that  make  up  the  mountains  are  the  thinnest  possible  veneer,  the  mere 
coat  of  varnish  on  an  artificial  globe,  which  can  scarcely  be  laid  on  so 
evenly  that  it  will  not  have  inequalities  greater  than  our  mountains. 

At  the  same  time  I  see  no  reason  why  we  should  not  avail  ourselves  of 
the  expansion  theory  of  T.  Mellard  Reade  as  well.  The  heated  and 
swelling  sediments  may  have  thickened  and  twisted  upward  in  aid  of  the 
lateral  pressure  caused  by  contraction.  Nor  need  Dutton's  theory  of 
isostasy  be  left  out,  for  the  whole  process  of  mountain-making  seems  to 
imply  a  certain  flotation  and  pouring  sideways  of  the  potential  Uquidity 
beneath  the  crust,  which  is  also  evidenced  by  the  volcanic  ejections  ac- 
companying or  consequent  on  the  elevation,  and  which  add  to  the 
product  their  injected  masses  and  dikes,  overflows  of  molten  rock'  and 
ejections  of  fragmental  material.  The  final  result  is  that  mountains  can 
neither  be  built  in  a  day  nor  by  one  cause  only.  When  we  have  to  fold 
great  masses  of  rock  into  a  third  of  their  original  width,  to  raise  them 
thousands  of  feet  into  the  air,  and  to  sculpture  the  rude  masses  thus  pro- 
vided into  grand  and  beautiful  forms,  we  may  well  avail  ourselves  of  all 
lK)ssible  causes  of  elevation,  as  well  as  of  those  atmospheric  and  aqueous 
denuding  agencies  which  give  shape  to  the  whole. 

Uniformitarianism. 

In  connection  with  mountain-making,  as  well  as  with  other  geologic 
changes,  the  well  worn  discussions  as  to  uniformitarianism  in  geology 
have  l>een  refurbished,  more  especially  in  England,  where  Teall,  in  his 
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address  as  president  of  the  geological  section  of  the  British  Association, 
insisted  on  the  unity  of  origin  of  the  older  crystalline  rocks  with  their 
more  modem  successors,  and  the  veteran  Prestwich  *  has  made  a  strong 
protest  against  an  exaggerated  uniformitarianism  as  applied  to  the  later 
formations.  Here  also  we  need  to  beware  of  that  one-sidedness  which 
has  led  to  so  much  unnecessary  controversy  from  the  days  of  Werner 
and  Hutton  down  to  the  present  time. 

We  may  be  fully  prepared  to  admit  that,  on  the  hypothesis  of  a  cooling 
globe,  there  must  have  been  certain  primitive  rocks  deposited  as  the  first 
products  of  the  action  of  a  heated  ocean  on  a  still  hot  crust,  conditions 
which  would  not  again  occur  except  in  limited  and  exceptional  eases. 
On  the  other  hand,  we  know  that  ever  since  land  and  water  existed,  there 
must  have  been  a  certain  uniformity  and  continuity  of  erosion  and 
deposition.     We  may  also  in  all  this  expect  a  kind  of  development 
whereby  old  rocks  are  wasting  away  and  are  redeposited  in  somewhat 
different  states,  but  we  must  at.  the  same  time  make  allowance  for  the 
differences  provided  by  alternate  elevation  and  subsidence  and  by  the 
occasional  introduction  of  igneous  products.     So  guarded,  we  may  hold 
with  truth  that  there  has  been  a  substantial  uniformity  of  the  origin  and 
character  of  rocks  throughout  geologic  time,  though  in  every  succeeding 
age  the  continents  and  the  rocks  composing  them  are  different  from  their 
condition  in  any  previous  period.     There  has  thus  been  uniformity  with 
change  and  progress,  but  while  the  laws  of  nature  and  the  operations 
under  them  have  been  uniform  in  kind,  we  must  beware  of  supposing 
that  they  have  been  uniform  in  rate.     In  short,  slow  and  gradual  actions 
inevitably  produce  catastrophes  or  critical  periods,  and  these  again  pre- 
pare the  way  for  the  recurrence  of  times  of  dull  uniformity  and  scarcely 
perceptible  motion.     Slow  and  secular  accumulation  of  sediments  on 
limited  areas  or  expansion  and  contraction  of  rocks  may  produce  sudden 
and  violent  movement  of  the  crust,  just  as  we  have  seen  lately  the 
accumulation  one  by  one  of  sheets  of  paper  at  length  involve  in  sudden 
and  utter  ruin  a  great  public  building.     A  cliff  long  acted  on  by  disinte- 
grating atmospheric  agencies  at  length  falls  instantly  in  a  mass  of  frag- 
ments, and  this  prepares  the  way  for  new  action  of  the  atmosphere  on 
the  cliff  in  its  protracted  and  infinitesimal  way,  and  for  the  agency  of  the 
waters  in  removing  the  talus  of  fallen  material. 

The  stupendous  changes  which  we  know  our  continents  have  exi)e- 
rienced  in  the  later  Cenozoic  periods  and  in  times  comparatively  short, 
should  warn  us  against  exaggerated  uniformitarianism,  more  especially 
when  we  find  that  this  opposes  invincible  difficulties  in  the  way  of  any 
rational  exi)lanation  of  such  climatic  changes  as  those  of  the  Glacial 
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period,  or  of  the  great  continental  movements  which  have  interfered  with 
the  continued  development  even  of  man  himself.  It  is  especially  w^ith 
reference  to  these  that  Prestwich  truly  says  that — 

"The  forms  of  erosion,  the  modes  of  sedimentation  and  the  methods  of  motion 
are  the  same  in  kind  as  they  have  ever  beert^,  but  we  can  never  admit  that  they 
have  always  been  the  same  in  decree.  The  physical  laws  are  permanent ;  but  the 
effects  are  conditional  and  changing,  in  accordance  with  the  conditions  under  which 
tlie  law  is  exhibited.'' 

I  fear  that  the  unreasonable  uniformitarianism  of  certain  modern 
schools  of  geology  is  a  product  less  of  scientific  observation  and  induc- 
tion than  of  the  influence  of  certain  philosophical  dogmas.  Lyell,  the 
great  author  of  rational  uniformitarianism  in  geology,  well  understood 
the  feict  that  catastrophe  and  cataclysm  have  their  place  in  the  grand 
uniformity  of  nature,  and  that  long  continued  uniformities  must  lead  to 
critical  periods.  He  was  not  an  agnostic  or  a  believer  in  a  necessitarian 
evolution.  He  saw  in  nature  adaptations  and  a  grand  plan  of  develop- 
ment, including  all  changes,  whether  sudden  or  gradual ;  and  I  may  add 
that  it  was  this  which  gave  that  charm  and  fascination  to  his  teaching, 
which  caused  one  of  his  contemporaries  to  compare  the  interest  of  the 
Principles  of  Geology  to  that  of  an  exciting  romance.  Dead  material- 
istic uniformitarianism,  should  [it  ever  become  the  universal  doctrine  of 
science,  would  provoke  a  reaction  in  the  human  mind  which  would  be 
itself  a  cataclysm. 

COAL-MAKING. 

Of  all  the  accumulations  formed  in  geologic  time  probably  the  most 
slowly  produced  are  those  of  organic  materials ;  yet,  curiously  enough, 
even  in  the  present  exaggerated  uniformitarianism  there  has  been  a 
cndency  here  to  return  to  exploded  catastrophism.  One  can  imagine 
some  of  those  great  beds  of  sandstone  which  occur  in  the  Coal  Measures, 
filled  with  trunks  of  trees  piled  in  the  most  confused  manner,  to  have 
been  deposited  by  violent  inundations ;  but  when,  after  all  that  has  been 
done  to  explain  the  origin  of  coal,  we  find  some  late  writers  returning  to 
the  old  and  exploded  idea  of  the  production  of  coal  by  driftage,  we  are 
tempted  on  the  one  hand  to  vexation,  and  on  the  other  to  laughter.  In 
a  very  recent  article  in  a  well  known  journal  I  find  in  support  of  this 
theory  the  contention  that  underclays  are  not  ancient  soils,  and  the  fol- 
lowing sentences,  alleged  to  be  contradictory  to  each  other,  quoted  from 
authorities  on  the  subject.  The  first  is  as  follows :  "  Underclays  are  old 
vegetable  soils,  and  they  were  formed,  not  under  water,  but  on  dry  land." 
Now  underclays  are  certainly  vegetable  soils,  but  they  were  not  neces- 
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sarily  formed  on  dry  land.  They  may  be  deposits  from  water,  but  may 
have  been  raised-up  or  filled-in  to  constitute  soils.  The  second  is  :  '*  Un- 
derclays  are  distinctly  stratified,  showing  that  they  have  been  depoeited 
under  water."  This  is  true  of  some  of  them  at  least,  but  is  no  argument 
against  their  having  become  soils.  The  subsoils  of  many  swamps  and 
marshes  is  a  deposit  from  water,  but  land  vegetation  grows  upon  it.  The 
imperfection  of  such  statements  and  the  absurdity  of  placing  them  in 
contrast  are  sufficiently  obvious,  yet  such  objections  have  to  be  met  in  the 
interest  of  scientific  geology.  They  must  be  met  exactly  as  they  were  met 
by  Logan  so  many  years  ago  in  his  observations  on  the  underclays  of 
south  Wales,  which  have  been  followed  up  by  myself  and  others.  We 
have  shown,  in  the  first  place,  that  the  lycopods,  ferns  and  catamites  grow- 
ing on  these  underclays  were  really  land  plants ;  secondly,  that  their  roots 
penetrated  the  subjacent  beds  in  such  a  way  as  to  show  that  they  have 
grown  upon  them,  and,  lastly,  that  the  coal  itself,  in  all  cases  except  that 
of  the  cannel  coals,  bears  evidence  of  subaerial  accumulation,  while  the 
erect  trees  associated  with  it  show  that  they  decayed  and  became  hollow 
by  atmospheric  action.  No  doubt  the  underclays  were  usually  swamp 
rather  than  upland  soils,  but  the  occurrence  of  remains  of  land  animals 
in  erect  trees  shows  that  in  some  cases  the  soil  must  have  been  elevated 
ten  feet  or  more  above  water  level  when  the  coal  vegetation  was  growing 
on  it.  I  have  myself  studied  and  described  these  facts  as  evidenced  in 
the  case  of  eighty  successive  beds  of  coal  admirably  exposed  in  the  cliflfe 
of  the  south  Joggins. 

In  connection  with  all  this  we  have  the  accumulation  of  five  thousand 
feet  of  sediments  and  organic  beds,  each  of  which  must  in  turn  have  been 
a  land  or  shallow  water  surface,  and  the  subsidence  thus  indicated  must 
have  taken  place  by  small  downthrows,  only  sufficient  to  keep  pace  with 
the  accumulation  of  deposits,  and  this  for  a  great  lapse  of  time.  The 
coal-deposits  of  the  great  Carboniferous  system  thus  mark  a  special  stage 
in  the  production  of  our  continents,  when  they  were  less  differentiated 
as  to  orography,  and  when  a  very  uniform  and  equable  climate  extended 
over  the  northern  hemisphere,  accompanied  by  a  very  peculiar  vegeta- 
tion. Such  conditions  did  not  occur  in  combination  and  to  a  like  extent 
in  any  succeeding  period  of  the  earth's  history. 

Relation  of  Vegetation  to  continental  Movements. 

This  special  position  of  the  great  coal-formation  leads  to  a  considera- 
tion of  the  relation  of  vegetation  and  of  fossil  plants  to  the  elevation  and 
depression  of  our  continents,  to  changes  of  climate,  and  to  the  determina- 
tion of  geologic  age,  and  of  which  we  are  reminded  by  Professor  White's 
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discussioQS  of  these  subjects,  and  those  in  the  recently  published  essay 
of  Seward,  as  well  as  the  posthumous  report  of  Lesquereux  on  the  flora 
of  the  Dakota  group.  I  have  already  referred  to  the  special  conditions 
of  the  later  Paleozoic  in  these  respects,  and  am  inclined  to  attribute  the 
great  geographic  uniformity  of  its  vegetation  principally  to  the  then  unfin- 
ished condition  of  our  continents,  affording  less  local  difference  of  eleva- 
tion and  greater  uniformity  in  the  distribution  of  ocean  currents,  though 
the  larger  proportion  of  carbonic  dioxide  in  the  atmosphere  may  have 
been  also  a  determining  cause.  Yet,  while  there  was  little  climatal  dif- 
ference of  flora,  there  was  continued  change  in  time ;  so  that  wherever 
fossil  plants  occur,  we  can  distinguish  the  vegetation  of  the  Lower,  Middle 
and  Upper  Devonian,  of  the  Lower  Carboniferous,  of  the  Coal  Forma- 
tion, of  the  Upper  Coal  Formation,  and  the  Permian.  The  great  earth- 
movements  of  the  Permian  seem  to  have  extinguished  this  flora  by  cre- 
ating adverse  climatic  conditions,  and  in  the  Mesozoic  age  it  was 
replaced  by  a  new  assemblage  of  plants,  seemingly  of  southern  origin, 
and  adapted  to  an  insular  condition  of  our  hemisphere.  The  later  Cre- 
taceous flora,  with  its  wealth  of  modem  exogenous  genera,  seems  to  have 
originated  in  the  north  and  propagated  itself  southward,  and  the  condi- 
tion of  things  which  led  to  a  temperate  flora  in  Greenland  was  connected 
with  the  occurrence  of  a  great  mediterranean  sea  between  the  Rocky 
mountains  and  the  Appalachians,  which  determined  the  equatorial  cur- 
rent upward  through  the  interior  of  the  American  continent  and  threw 
its  full  force  on  Greenland,  then  probably  less  elevated  than  now.  The 
geographic  conditions  of  these  ages  of  the  later  Cretaceous  and  early 
Cenozoic,  we  are  now  able  to  some  extent  to  trace,  and  find  them  to  corre- 
spond with  the  climatal  conditions  indicated  by  the  plants.  On  the 
other  hand,  the  changing  physical  conditions  were  correlated  with  those 
changes  in  the  v^etation  which  have  enabled  us  to  recognize  so  dis- 
tinctly the  lower,  middle  and  later  Cretaceous  floras,  and  those  of  the 
early,  middle  and  later  Cenozoic* 

While  we  have  no  evidence  of  a  tropical  climate  in  the  northern  part 
of  America  in  the  Cretaceous  or  the  Cenozoic  periods,  we  have  proof  from 
fossil  plants  of  the  continuance  for  long  periods  of  a  temperate  climate  as 
far  north  as  Greenland,  and  that  this  passed  gradually  into  the  cooler 
temperature  of  the  Miocene  and  Pliocene.  We  can  also  correlate  these 
climatal  conditions  on  the  one  hand  with  known  geographic  changes, 
and  on  the  other  with  the  distribution  of  animals  and  plants. 

The  validity  of  such  deductions  does  not  altogether  depend  on  the 
accuracy  of  the  reference  of  fossil  species  to  existing  genera  or  families. 
In  many  cases  there  can  be  little  doubt  as  to  this,  as  in  the  species  of 

^  Trans.  Royal  Society  of  Canada,  1893.    Paper  on  New  Plants  from  Vancouver  lalund. 
XV— ByiL.  Oeol.  Soc.  Am.,  Vol.  5,  1893. 
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liriodendron,  sassafras,  platanuH,  8e<|Uoia  and  salisburia,  and  especially 
in  the  case  of  all  those  of  which  seed  or  fruit  have  been  preserved ;  but 
even  when  the  naming  Ih  inaccurate  or  when  the  number  of  species  has 
been  unduly  multiplied,  thfe  deductions  as  to  climate  may  hold  goo<l, 
though  not  perhaps  to  the  extent  of  enabling  us  to  fix  a  definite  thernio- 
metric  mean  temperature. 

As  to  geologic  age,  the  primary  requisite  is  that  in  some  of  the  locali- 
ties of  plants  in  question  their  relative  ages  shall  be  determined  by  strati- 
graphic  evidence ;  this  being  done  in  a  few  cases,  it  is  not  difficult  to 
assign  to  their  approximate  position  intermediate  or  allied  subfioras. 
Plants  treated  in  this  way  as  evidence  of  geologic  age  have  the  advantage 
of  wide  distribution  over  the  surface  of  the  land,  of  slow  migration  an<l 
of  long  endurance  in  time.  As  in  the  case  of  animal  fossils,  we  have  to 
allow  for  diflFerencas  of  station,  for  possible  driftage  and  intermixture  of 
species  belonging  to  higher  and  lower  lands,  and  for  chances  of  deposi- 
tion and  of  preservation.  We  have  also  to  consider  that  plants  are  more 
permanent  and  less  changeable  than  the  animal  inhabitants  of  the  land, 
and  therefore  better  fitted  to  mark  the  longer  ages  of  geologic  time ;  but 
this  is  more  than  compensated  by  the  closeness  of  their  relations  with 
the  alternate  elevations  and  depressions  of  our  continents  and  the  climatal 
relations  dependent  on  them.  A  single  leaf  of  some  plant  of  a  temperate 
genus  found  in  arctic  regions  may  thus  bear  explicit  testimony  to  the 
former  geography  of  a  whole  continent,  and  the  climatal  phenomena  de- 
l)endent  on  it ;  and  thus  aid  us  in  understanding  and  referring  to  its  true 
causes  even  the  great  Glacial  period  itself 

Glacial  Period. 

I  have  recently  been  so  venturesome  as  to  add  to  the  many  publica- 
tions on  this  vexed  subject  a  republication  of  my  numerous  papers  on 
phenomena  of  the  Glacial  period  in  America;  and  I  am  aware  that  many 
of  my  fiiends  in  this  Society  will  dissent  very  widely  from  the  views 
therein  expressed.  They  will  see,  however,  that  I  adhere  very  strictly 
to  the  physical  possibilities  of  ice,  and  to  the  doctrine  of  existing  causes, 
and  that  I  have  endeavored  to  take  into  account  changes  of  geographic 
forms,  and  of  climate  dependent  on  them,  and  of  all  the  varieties  of  land 
and  water-borne  ice  anywhere  to  be  seen  in  the  colder  portions  of  the 
earth  at  present.  It  is,  I  am  convinced,  only  by  taking  all  of  these  into 
account  that  we  can  succeed  in  explaining  the  complicatiul  phenomena 
of  this  remarkable  age ;  and  we  must  be  prepared  also  to  allow  for  the 
movements  of  elevation  and  depression  which  seem  to  have  occurred  in 
that  unsettled  period,  and  of  which  many  are  fitted  to  produce  a  mini- 
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mum  distribution  of  heat  in  the  higher  lands  of  our  continents,  while 
furnishing  great  oceanic  areas  for  the  supply  of  vapor.  The  accumula- 
tion of  ice  and  snow  and  the  production  of  great  glaciers  can  occur  only 
where  there  are  not  only  large  areas  of  abundant  precipitation,  but  others 
of  equally  abundant  evaporation.  I  would  therefore  ask  the  attention  of 
my  fellow-workers  to  the  facts  and  conclusions  presented  in  the  volume 
referred  to,  and  would  explain  that  I  have  been  induced  by  long  and 
careful  study  of  the  phenomena,  both  ancient  and  modem,  presented  to 
t>ht?ervation  in  Canada  to  conclude  that  no  one  cause,  however  potent, 
can  a<»count  for  all  these  phenomena,  and  that  we  must  invoke  the  com- 
bined and  successive  action  of  glaciers,  of  icebergs,  of  field,  floe  and  pan 
ice,  and,  in  short,  all  these  glacial  agencies  that  now  operate  in  the  north, 
and  this  in  connection  with  great  and  unequal  changes  of  level,  pro- 
ducing elevation  and  submergence,  the  whole  in  such  a  way  as  to  modify 
climate  locally,  and  to  some  extent  throughout  the  northern  hemisphere. 
"^The  problems  presented  to  us  by  the  Glacial  period  of  the  Pleistocene  are 
thus  very  complex,  and  the  great  error  here,  as  in  so  many  other  depart- 
ments of  geology,  has  been  that  of  referring  the  effects  of  various  causes 
and  conditions,  alternating  through  a  considerable  lapse  of  time,  to  one 
dominant  cause  without  reference  to  others  equally  important.  The 
time,  however,  is  rapidly  approaching  when  we  shall  no  longer  speak  of 
opposed  glacier  and  iceberg  theories  or  invoke  incredible  physical  changes 
to  account  for  imaginary  phenomena.  I  need  scarcely  add  that  our  views 
of  this  whole  subject  have  been  greatly  modified  by  the  demonstrations 
that  the  close  of  the  Glacial  period  dates  only  a  few  thousands  of  years 
before  our  own  time,  and  that  those  astronomic  theories,  which  demand 
a  vastly  greater  time  for  their  operations,  are  no  longer  tenable  as  the 
cause  of  a  glacial  period. 

I  may  base  some  objections  to  the  idea  of  a  continental  glacier  as  now 
held  by  many  in  this  country  on  a  suggestive  paper  by  Dr  Warren 
Upham  *  in  the  Bulletin  of  this  Society,  in  which  he  institutes  comi)ari- 
sons  between  Pleistocene  and  present  ice-sheets.  The  present  ice-sheets 
are  stated  to  be  four:  1.  Antarctic  or  that  which  fringes  the  Antarctic 
continent  and  is  probably  better  entitled  to  the  name  than  any  other, 
but  which  differs  from  the  supposed  ice-sheets  of  the  Pleistocene  in  front- 
ing on  the  sea  and  discharging  all  its  product  as  floating  ice.  In  this, 
however,  it  certainly  resembles  many  of  the  great  local  glaciers  of  the 
Pleistocene.  .  2.  The  great  neve  of  Greenland,  which,  however,  discharges 
by  local  glaciers,  opening  on  the  sea.  3.  The  Malaspina  glacier  of 
Alaska,  e\4dently  a  local  glacier  of  no  great  magnitude,  though  present- 

•ComparisoD  of  Pleistocene  And  pretiont  Ice-Hheets.    Bull.  Geo!.  Soc.  of  America,  vol.  4,  pp. 
191-aM. 
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ing  some  exceptional  features.  4.  The  Muir  glacier  of  Alaska,  also  a 
local  glacier,  but  perhaps,  like  the  Malaspina,  showing  some  features 
illustrative  of  local  Pleistocene  glaciers. 

In  the  "  conferences  and  comparisons,"  however,  the  facts  detailed  in 
the  earlier  part  of  the  paper  are  placed  in  comparison  with  postulates 
respecting  the  Pleistocene  which  are  incapable  of  proof:  1.  It  is  taken 
for  granted  that  the  upper  limits  of  glaciation  in  the  mountain  ranges  of 
America  indicate  the  thickness  of  a  continental  ice-sheet.  They  probably 
indicate  only  the  upper  limit  of  the  abrasion  of  local  glaciers.  2.  Hence 
it  is  computed  that  the  thickness  of  a  continental  glacier  flowing  radially 
outward  in  all  directions  from  the  Lauren tian  highlands  of  Canada 
amounted  to  two  miles,  and  in  connection  with  this  it  is  stated  that  the 
maximum  thickness  of  the  great  Cordilleran  glacier  of  the  west  in  the 
Pleistocene  age  has  been  estimated  to  be  about  7,000  feet,  an  entirely 
different  thing  and  referring  to  the  maximum  depth  of  a  local  glacier 
traversing  deep  valleys.  3.  It  is  admitted  that  the  assumed  continental 
glacier  could  not  move  without  an  elevation  of  the  Laurentian  highlands 
to  the  height  of  several  thousand  feet,  of  which  we  have  no  evidence,  for 
the  cutting  of  the  deep  fiords  referred  to  in  this  connection  must  have 
taken  place  in  the  time  of  Pliocene  elevation  of  the  continents  before  the 
Glacial  period.  4.  The  upper  and  lower  bowlder-drift,  so  different  in 
their  characters,  are  accounted  for  on  the  supposition  that  the  former 
comes  from  material  suspended  in  the  ice  at  some  height  above  its  base, 
the  other  from  that  in  the  bottom  of  the  ice.  In  like  manner  the  widely 
distributed  interglacial  beds  holding  remains  of  land-plants  of  north 
temperate  character  are  attributed  to  such  small  local  occurrences  of  trees 
on  or  under  moraines  as  appear  in  the  Alaska  glaciers.  5.  The  rapid 
disapi)earance  of  the  ice  is  connected  with  a  supposed  subsidence  of  the 
land  under  its  weight,  though  from  other  considerations  we  know  that  if 
this  was  dependent  on  such  a  cause  it  must  have  been  going  on  from  the 
first  gathering  of  the  ice,  so  that  the  required  high  land  could  not  have 
existed.  All  the  evidence,  however,  points  to  subsidence  and  elevation 
owing  to  other  and  purely  terrestrial  causes,  and  producing,  not  produced 
by,  the  glaciers  of  the  Pleistocene. 

The  question  of  erosion  by  glaciers  is  still  agitated.  My  own  conclu- 
sions, formed  frem  the  study  of  the  Savoy  glaciers  in  1865,  is  that  glaciers 
are  never  important  eroding  agents,  that  in  valleys  they  protect  the  rock 
from  the  greater  denuding  action  of  streams,  and  that  the  mud  and  sand 
which  they  produce  are  derived  not  from  the  rocks  in  which  they  slide, 
but  from  the  material  that  falls  upon  the  glacier.  The  bottom  rock  is 
merely  the  nether  millstone. 

One  of  the  most  experienced  of  alpine  geologists,  Professor  Bonney,  in 
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a  paper  read  before  the  Royal  Geographical  Society  *  discusses  tliis  ques- 
tion in  detail  and  arrives  at  the  same  conclusion  which  I  stated  in  1866, 
namely,  that  glaciers  are  "  agents  of  abrasion  rather  than  erosion,"  and 
that  in  the  latter  their  power  is  much  inferior  to  that  of  fluviatile  action. 
Nor  are  glaciers  agents  in  the  excavation  of  lake-basins,  w^hich  are  to  be 
accounted  for  in  other  ways ;  and  the  great  gorges  and  fiords  which  have 
been  ascribed  to  them  are  due  to  aqueous  erosion  when  the  continents 
were  at  a  higher  level,  before  the  glacial  age. 

Lastly,  on  this  subject,  very  important  facts  have  been  ascertained  by 
the  Geological  Survey  of  Canada  and  by  United  States  observers  in 
Ala.«ka,  indicating  that  during  the  height  of  the  Glacial  period  there 
wa.s  an  open  arctic  basin  in  the  north.  This  coincides  with  the  fact  stated 
l)y  Professor  Penhallowf  and  myself  in  a  previous  volume  of  the  Bulletin 
of  this  Society,  that  in  the  Pleistocene  period  the  flora  of  Canada  was 
boreal  rather  than  arctic ;  consequently  the  arctic  flora  must  have  main- 
tained its  ground  farther  north.  In  northern  Europe,  Nathorst  and 
others  have  shown  a  southward  movement  of  the  Scandinavian  flora, 
but  this  does  not  seem  to  have  been  general,  and  the  recent  work  of 
Lange  and  Warming  on  the  flora  of  Greenland  proves  that  the  persistence 
of  the  arctic  flora  in  the  north  applies  even  to  that  country,  whose  con- 
dition as  to  climate  does  not  seem  in  the  Pleistocene  to  have  differed 
much  from  that  of  the  present  time.  It  is  not  impossible  that,  as  Howorth 
has  suggested,  the  north  Polar  regions  are  colder  now  than  in  the  Pleis- 
tocene, that  the  cold  of  that  period  was  thus  more  local  than  has  been 
sup|x)sed,  and.that  we  may  find  that  even  the  mammoth  was  able  to 
hold  his  ground  in  the  north  throughout  the  great  Ice-age. 

Allow  me  further  to  say  that  these  facts  tend  to  confirm  the  conclusions 
already  stated  in  this  address,  that  we  are  to  look,  for  causes  of  change  of 
climate,  rather  to  movements  of  elevation  and  subsidence  of  the  conti- 
nents than  to  any  extra-mundane  influences. 

Post-Pleistocene  continental  Movements. 

We  come  now  to  the  last  great  vicissitude  of  our  continents,  one  that 
is  beginning  to  connect  itself  with  the  history  of  man  himself.  No  geo- 
logic fact  is  more  certain  than  the  occurrence  of  a  period  of  continental 
ilevation  after  the  great  Pleistocene  submergence,  and  that  this  period 
coincided  with  the  spread  of  postglacial  or  palanthropic  man  over  the 
♦  ontinents  of  the  northern  hemisphere.     It  is  ecjually  certain  that  within 

•Geographical  Journal,  July,  1893.    See  also  J.  W.  Spencer:  Quart.  Jour.  Geol.  See.  of  London, 
iKSri,  p.  5:3. 
tOn  the  Pleistocene  Flora  of  Canada.    Bull.  Geol.  Soo.  of  Am.,  vo^  i,  pp.  .311-344. 
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a  time  measured  by  a  few  thousand  years  this  continental  period  termi- 
nated, and  the  continents  subsided  to  their  present  limited  dimensions, 
permanently  submerging  some  of  the  fairest  portions  of  the  former  abodes 
of  man  and  for  a  time  inundating  vast  areas  of  the  land.  It  has,  how- 
ever, been  a  much  debated  question  whether  thes^  great  changes  were 
gradual  or  sudden,  and  whether  they  were  connected  with  the  disappear- 
ance of  palanthropic  man  and  his  contemporaries.  I  have  myself  long 
maintained  the  conclusion  that  the  human  period  is  on  good  geologic 
evidence  divided  into  two  portions  by  great  earth-movements,  and  that 
it  is  the  historical  traditions  of  these  which  constitute  the  foundation  of 
that  universal  belief  of  a  deluge  which  has  fixed  itself  in  the  meniorie? 
of  ancient  men  in  every  part  of  the  world. 

The  great  English  geologist,  Prestwich,  has  recently  given  much  atten- 
tion to  this  subject,  and  in  a  memoir  in  the  Transactions  of  the  Royal 
Society  of  Tendon  *  has  adduced  a  mass  of  evidence  on  which  he  hast^ 
the  conclusion  that  an  important  movement  of  subsidence  and  reeleva- 
tion  occurred  at  the  end  of  the  Glacial  or  post-Glacial  period,  and  was  of 
the  character  of  a  somewhat  sudden  inundation  destructive  of  man  and 
animals.  The  deposits  produced  by  the  recession  of  the  waters  of  this 
inundation  he  designates  "  rubble-drift,"  a  formation  which  overlies  the 
glacial  deposits  and  indicates  a  movement  of  water  distinct  from  any- 
thing belonging  to  glacial  phenomena  or  to  ordinary  river  inundations. 
He  includes  with  this  the  deposits  known  as  "  head  "  in  England  and 
ako  the  loess  of  the  j)lain8  and  tablelands  of  Europe  and  the  ma- 
terial found  in  certain  caves  and  fissures.  He  might  have  added  some 
of  the  gravels  and  superficial  deposits  of  Egypt  and  Syria,  and  modern 
deposits  extending  far  east  into  central  and  northern  Asia.  Thus  we 
now  have  geologic  facts  which  show  that  man  has  been  a  witness  of  one 
great  continental  submergence,  which  must  have  intervened  between  the 
close  of  the  Glacial  period  and  the  .present  time.  These  facts  at  once 
establish  a  remarkable  correlation  between  the  results  of  geologic  investi- 
gation and  the  historic  deluge,  and  expose  the  fallacies  of  those  theories 
which  assume  an  uninterrupted  j)rogres8  of  man  from  his  first  appear- 
ance until  the  present  day.  A  curious  confirmation  of  this  has  recently 
been  furnished  l)y  the  excavations  of  Nuesch  in  a  rock  shelter  near  Schaff- 
hausen,t  which  show  an  overlying  deposit  w4th  neolithic  implements 
and  bones  of  recent  animals,  a  bed  of  rubble  and  loam  destitute  of  human 
remains,  and  below  this  a  bed  containing  bone  implements,  worked  flints 
and  traces  of  cookery  of  the  palanthropic  period.  The  whole  rests  on  a 
bed  of  rolled  pebbles  supposed  to  be  the  upper  part  of  the  glacial  de- 

•Vol   184, 1893,  p.  90:3. 

fNouvelles  Archives  des  Missionn,  etc.,  vol.  ili;  noticed  in  Natural  Science,  189«i. 
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jiosite.  This  shows  the  interval  between  the  palanthropic  and  nean- 
thropic  periods,  and  also  the  post-glacial  date  of  man  in  Switzerland.  It 
corresponds  with  a  great  number  of  other  facts. 

I  cannot  doul^t  that  evidences  of  the  second  continental  period  exist 
in  America.  Those  which  are  afforded  by  the  warm-water  fauna  of  the 
southern  bay  of  the  Gulf  of  Saint  Lawrence  I  pointed  out  many  years 
ago.  There  are  also  superficial  deposits  which  show  depression  since 
the  glacial  age,  though  I  fear  that  many  of  them  have  been  confounded 
with  the  ordinary  drift,  and  I  think  the  attention  of  geologists  who  study 
thesie  more  recent  deposits  should  now  be  directed  to  the  separation  of 
rubble  drift,  head  and  loess  from  the  beds  properly  belonging  to  the 
Glacial  period,  and  to  the  bearing  of  these  facts  on  questions  as  to  the 
p(>.«sible  occurrence  of  man  in  America  in  the  Palanthropic  age. 

Preglacial  Man. 

I  confess  that  I  have  all  along  been  skeptical  on  geologic  grounds  as 
to  the  numerous  finds  of  paleolithic  implements  in  the  glacial  gravels. 
The  gravels  themselves  are  probably  in  many  instances  postglacial,  and 
it  is  doubtful  if  the  implements  belong  to  these  gravels  or  are  merely 
superficial.  The  observations  of  Mr  W.  H.  Holmes,  of  the  United  States 
CJeological  Sur\'ey,  seem  now  to  have  confirmed  these  doubts,  very  nota- 
})ly  in  the  case  of  the  celebrated  Trenton  implements.  With  the  aid  of 
a  deep  excavation  made  for  a  city  sewer  he  has  shown  that  the  supposed 
implements  do  not  belong  to  the  undisturbed  gravel,  but  merely  to  a 
talus  of  loose  debris  lying  against  it,  and  to  which  modern  Indians  re- 
s^orted  to  find  material  for  implements  and  left  behind  them  rejected  or 
unfinished  pieces.  The  alleged  discovery  has,  therefore,  no  geologic  or 
anthropologic  significance.  The  same  acute  and  industrious  observer  has 
inquired  into  a  number  of  similar  cases  in  different  parts  of  the  United 
States,  and  finds  all  liable  to  objections  on  the  a))ove  grounds,  except  in 
a  few  cases,  where  the  alleged  implements  are  probably  not  artificial. 
These  obser\'ations  not  only  dispose,  for  the  present  at  least,  of  paleo- 
lithic man  in  America,  but  they  suggest  the  propriety  of  a  revision  of  the 
whole  doctrine  of  paleolithic  and  neolithic  implements  as  held  in  Great 
Britain  and  elsewhere.  Such  distinctions  are  often  founded  on  forms 
which  may  quite  as  well  represent  merely  local  or  temporary  exigencies 
or  the  debris  of  old  workshops  as  any  difference  of  time  or  culture.  All 
this  I  reasoned  out  many  yeaw  ago  on  the  basis  of  American  analogies, 
but  the  Lyellian  doctrine  of  modern  causes  as  explaining  ancient  tacts 
seems  as  yet  to  have  too  little  place  in  the  science  of  anthropology. 

The  question,  however,  still  remains  whether  there  is  any  evidence  of 
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the  occurrence  of  postglacial  or  palanthropic  men  in  America,  as  distin- 
guished from  the  modern  American  Indian,  and,  if  so,  whether  any 
geologic  evidence  exists  of  his  having  shared  in  the  diluvial  catastrophe 
so  destructive  to  his  old-world  confreres. 

The  collections  now  being  accumulated  by  Putnam  in  the  Pealxxly 
Museum  at  Cambridge,  will  do  something  toward  settling  these  questions, 
if  properly  aided  by  the  work  of  geologists  in  the  field,  and  it  would  Ik*  a 
triumph  for  American  science  to  remove  them  from  the  doubt  and  diffi- 
culty which  now  surrounds  them ;  but  the  geologist,  rather  than  tlie 
archeologist,  must  assume  the  responsibility  of  establishing  the  true  ai'c 
and  sequence  of  the  deposits. 

I  began  with  the  statement  that  our  goal  today  will  be  our  starting- 
point  tomorrow,  and  have  endeavored  to  attract  your  attention  to  a  few 
of  the  questions  which  are  being  agitated  today.  What  tomorrow  may 
bring  forth  it  remains  for  my  successors  to  tell.  I  may  conclude  ^-itli 
thanking  you  for  the  honor  you  have  done  me  in  placing  me  in  this 
presidential  chair,  and  by  expressing  my  sincere  good  wishes  for  the 
prosperity  and  usefulness  of  the  Geological  Society  of  America. 
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Introduction. 

The  notes  here  presented  are  those  made  during  an  extended  cruise  in 
the  Bering  sea  region  during  the  summer  of  1891,  The  writer  was  at  the 
time  more  partieulariy  engaged  in  the  investigation  of  matters  connected 
with  the  fur-seal,  as  one  of  the  British  commissioners  appointed  for  that 
purpose,  but  his  somewhat  prolonged  familiarity  with  the  geological  feat- 
ures of  British  Columbia  and  adjacent  parts  of  northwestern  Canada 
caused  him  to  feel  a  special  interest  in  the  corresponding  features  of  the 
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various  places  visited.  The  time  available  for  observations  ashore  wa< 
usually  very  limited,  and  thus,  but  for  the  fact  that  so  little  is  yet  known 
respecting  the  geology  of  the  whole  region,  such  notes  as  it  was  i.)ossibl<' 
to  make  would  possess  very  little  inherent  value.  As  it  is,  they  may  W 
accepted  as  a  slight  contribution  to  our  knowledge  of  a  portion  of  thf^ 
globe  of  which  but  a  few  limited  spots  have  yet  come  under  the  obsor\'a- 
tion  of  any  trained  geologist. 

Dr  W.  H.  Dall  has  lately  collected  in  a  single  work  a  precis  of  nearly 
all  the  authentic  data  relating  to  the  American  shores  and  islands  of 
Bering  sea.*  This  work  is  devoted  specially  to  the  Neocene  formations, 
but  these  include  a  great  part  of  those  known  to  occur,  and  references 
are  besides  given  in  it  to  various  older  fonnations.  Allusion  is  frequently 
made  to  this  work  of  Dr  Ball's  in  the  sequel,  and  in  so  far  as  the}'  cover 
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the  same  ground  the  notes  here  set  down  may  be  regarded  as  merely 
supplementary  to  those  he  has  published  either  as  the  result  of  his  own 
observations  or  in  the  form  of  extracts  from  older  works.  Thus  in  what 
follows  respecting  the  Aleutian  islands,  it  will  be  found  that  onlj^  those 
touched  at  or  seen  by  the  writer  are  mentioned,  and,  generally  speaking, 
that  greater  attention  is  given  to  places  about  which  the  known  facts  art* 
particularly  scanty  or  altogether  wanting,  and  to  those  more  general 
physiographic  features  of  the  land  to  which  the  attention  of  the  earlior 
explorers  was  not  directed. 

Mr  \V.  F.  Fcrrier,  lithologist  to  the  Geological  Survey  of  Canada,  ha^ 
been  so  kind  as  to  look  over  the  rock  specimens  brought  back,  and  in 
some  cases  has  examined  them  microscopically  in  thin  sections  for  the 
purpose  of  their  determination. 

*BuU.  U.  S.  GeoIoKioal  Survey,  no.  84, 1892,  p.  234  et  aeq. 
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Aleutian  Islands. 

Akutan  Island, — The  south  side  of  this  island  was  the  first  part  of  the 
Aleutian  chain  sighted  by  us  in  approaching  Bering  sea.  It  is  character- 
ized by  rugged  and  bold  cliffs,  broken  into  stacks  and  pinnacles  at  the 
points,  but  between  retiring  into  coves  and  bays,  from  some  of  which 
rather  wide  valleys  run  inland.  The  varied  and  often  strongly  contra^^t- 
ing  coloring  of  the  weathered  rocks  in  these  cliffs,  together  with  the  abso- 
lute treeleseness  of  the  land  and  the  \dvid  green  of  the  sward  and  herbage 
with  w^hich  it  is  covered  wherever  not  too  rocky  or  too  elevated  for  any 
growth,  were  the  most  striking  features.  These,  however,  are  almost 
equally  found  in  all  the  islands  of  the  Aleutian  chain. 

Steep  and  irregular  hills  and  ridges  rising  from  the  shores  culminate 
in  the  central  part  of  the  island  in  mountains  sufficiently  high   to  carry 
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PiovKX  l.^Dxagram  illustrating  the  Structure  of  the  northern  Part  o/ Akutan  Island. 

much  snow  in  these  latitudes  the  year  round.  Tlie  north  side  of  this 
island  was  afterward  seen  under  favorable  conditions  of  weather,  and 
the  island  as  a  whole  appears  to  represent  the  denuded  remnants  of  a 
single  great  volcanic  center.  The  original  focus  of  emption  seems  to  have 
been  situated  to  the  west  of  the  middle  of  the  island.  Somewhat  nearer 
the  actual  center  of  the  island  a  little  cloud  of  steam  still  issues  from  one 
of  the  higher  points,  and  occasional  small  eruptions  have  been  noted.* 

The  eastern  portion  of  the  island  shows  part  of  the  lower  slope  of  the 
original  great  volcanic  cone,  the  beds  flattening  out  gradually  to  the  east- 
ward in  conformity  with  the  decreasing  slope  of  the  surface. 

The  antiquity  of  the  volcanic  action  to  which  the  island  as  a  whole 
owes  its  origin,  is  shown  by  the  amount  of  the  subsequent  effect  of  denuda- 
tion upon  it.  The  deep  vaUeys  have  evidently  been  cut  out  by  ordinary 
pubaerial  erosion  during  a  prolonged  period  of  waste,  and  many  of  the 


*  Alaska  and  its  Resources:  Dall,  pp.  467,  470. 
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lower  radges  and  hills  owe  their  present  forms  entirely  to  such  action 
The  peripheral  parts  of  4he  island  have  during  the  same  period  been 
much  reduced  and  cut  back  by  the  sea. 

The  cliffs  along  the  south  shore  and  those  about  the  middle  of  the 
north  shore  display  bedding,  which  in  the  planes  of  section  appears  nearly 
horizontal.  The  individual  beds  are  for  the  most  part  thick,  and  some 
of  them  show  a  pronounced  basaltic  structure. 

Uncdaska  Island, — Respecting  the  island  of  Unalaska  little  can  be  added 
*o  the  notes  lately  brought  together  by  Dr  DalL*  A  good  view  was  ob- 
tained of  that  part  of  the  north  coast  between  Makushin  and  Captain's 
bays,  behind  which  rises  Makushin  volcano,  the  highest  mountain  (5,474 
feet)  on  the  island.  The  upper  parts  of  this  mountain  and  the  high 
ridges  about  it  were  deeply  covered  with  snow  in  August,  and  small, 
irregular  glacier  masses,  more  or  less  crevassed,  were  observed  here  and 
there. 

Makushin  is  not  a  typical  volcanic  cone,  but  an  irregular,  lumpy 
mountain  mass  with  some  rather  bold  spurs  and  crests  even  about  its 
upper  parts,  which  seem  to  evidence  considerable  waste  by  denudation 
since  the  latest  important  eruptions.  A  cloud  of  white  steam  still,  how- 
ever, hangs  about  its  summit.  The  natural  processes  of  waste  have  not 
acted  sufficiently  long  upon  this  island  to  produce  rounded  forms  or 
light  slopes.  The  hills  are  generally  sharp  edged,  peaked  and  bold,  but 
often  covered  with  herbage  nearly  to  their  tops. 

The  shore-cliffs,  from  abreast  of  Makushin  to  Captain's  harbor,  show 
horizontal  or  slightly  inclined  bedding,  which  is  rather  too  fine  and  uni- 
form to  be  explained  as  that  of  superposed  lava  flows.  The  beds  ex- 
posed probably  consist  of  scoria  or  volcanic  ash  deposited  under  water- 
Dall  notes  the  occurrence  of  marine  Miocene  deposits  in  Makushin  bay.t 

The  slopes  and  hills  about  Captain's  harbor  were  all  closely  scanned 
for  evidence  of  old  beachlines,  but  none  were  seen.  There  appears  to 
have  been  no  notable  upward  movement  of  this  land  since  the  denuda- 
tion which  produced  its  present  form  took  place.  The  little  flat  about 
the  village  of  Unalaska  is  composed  of  gravel  covered  with  black  soil, 
and  is  about  twenty  feet  above  high-water  mark.  Its  occurrence  might 
almost  be  explained  as  a  beach  deposit  at  the  present  storm  level,  but  it 
more  probably  indicates  a  very  slight  rise  of  the  land. 

Atka  Island. — A  call  was  made  at  Nazan  bay,  on  the  east  side  of  Atka 
island.  This  island,  with  others  near  it  which  were  more  or  less  imper- 
fectly seen,  appears  to  be  practically  entirely  composed  of  volcanic  rocks. 
Some  interesting  notes  on  Atka  are  given  b)'  Dall  in  the  publication 

♦  Op.  cit.,  p.  242. 

tOp.  clt.,  p.  243.  In  addition  to  the  volcanic  rocks  of  various  kinds,  Dall  mentions  the  occur- 
rence of  granite  or  syenite  [gabbro  ?]  in  the  interior  of  this  island.    Op.  cit.,  pp.  233,  242. 
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already  quoted  (pages  243-244),  from  which  it  appears  that  in  Karovinski 
bay,  on  the  west  side  of  the  island,  pieces  of  fossil  wood,  sometimes  silici- 
fied,  as  well  as  marine  Miocene  fossils  in  tuffaceous  volcanic  deposits,  are 
found.  The  little  islands  in  Nazan  bay  and  the  low  projecting  points 
about  it  have  a  basaltic  appearance  and  rather  irregular  columnar 
structure.  The  rock  showing  on  the  beach,  at  the  village,  is  a  greenish 
tjjray,  fine  grained  material,  very  hard  and  in  places  containing  many 
{grains  of  iron-pyrites,  probably  clastic  and  apparently  a  diabase,  though 
not  microscopically  determined.  It  is  also  traversed  by  small  drusy 
veins  of  quartz,  and  large  loose  masses  of  quartz  were  found  which  had 
evidently  not  travelled  far. 

In  a  small  brook,  which  has  cut  out  a  little  ravine  near  the  village,  a 
considerable  depth  of  superficial  earthy  material  is  exposed.  This  ex- 
hibits a  certain  amount  of  stratification  parallel  to  the  slope  of  the 
ground.  It  is  brownish  or  reddish  brown  in  color,  and  appeared  to  be 
composed  of  volcanic  detritus,  which  has  either  been  deposited  in  the 
8ea  when  the  land  was  at  a  somewhat  lower  level,  or  perhaps  more 
probably  merely  washed  down  the  slopes  while  in  an  incoherent  and 
fresh  state.  Material  of  the  same  kind  was  recognized  elsewhere  on 
this  and  other  iAlands  of  the  Aleutian  chain,  sometimes  in  rather  notable 
quantity. 

No  indications  of  old  terrace  levels  were  observed  about  Nazan  bay, 
but  around  the  base  of  the  mountain  which  forms  a  projecting  point  to 
the  north  of  the  entrance  of  the  bay,  three  or  more  successive,  indistinct 
terrace-like  markings  occur,  the  highest  being  at  an  elevation  of  about 
1,000  feet  above  the  present  sea  level.  These  markings  may  represent 
old  beachlines  impressed  in  soft  material,  but  from  their  indefinite 
character  this  remains  uncertain. 

Great  Sitkin  Island,-^After  passing  Atka  island  a  fine  general  view  of 
(ireat  Sitkin  island  was  obtained.  This  evidently  consists  of  a  single 
large  volcanic  cone,  which,  according  to  the  charts,  is  still  6,033  feet  high. 
Its  upper  portion  was  heavily  covered  with  snow. 

Bnldir  Island, — Buldir  island  was  passed  sufficiently  near  to  enable 
it  to  be  well  seen.  Its  eastern  end  is  most  elevated,  and  high  cliffs  there 
show  a  series  of  flows  or  beds  of  volcanic  material,  dipping  rather  steeply 
wegttward.  The  angle  of  dip  gradually  diminishes  and  the  stratification 
becomes  horizontal  at  the  west  end  of  the  island,  the  general  height  of 
the  surface  decreasing  in  a  corresponding  degree.  The  whole  island 
clearly  represents  the  residual  portion  of  an  originally  symmetrical  vol- 
canic mountain,  the  greater  part  of  which  has  been  cut  away  by  the  sea. 

Semichi  Islands. — The  Semichi  islands  form  a  narrow  chain,  broken  by 
two  small  gaps,  and  about  fourteen  miles  in  total  length.    They  are  un- 
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usually  low  and  flat,  the  highest  point,  at  the  western  end,  being,  accord- 
ing to  the  chart,  about  800  feet.  The  islands  slope  down  to  the  south- 
ward with  nearly  uniform  grassy  surfaces. 

Attn  Island, — This  is  the  westernmost  island  of  the  Aleutian  chain.  It 
appears  to  be  throughout  mountainous,  and,  in  its  general  contour,  with 
steep,  grassy  elevations,  closely  set,  is  not  unlike  most  of  the  larger  islands 
of  the  chain.     Its  highest  point,  according  to  the  chart,  is  3,084  feet. 

My  observations  were  confined  to  the  vicinity  of  Chichagof  harbor,  on 
the  north  side  of  the  island.  At  the  east  end  of  the  gravelly  beach  at 
the  bottom  of  the  harbor,  hard,  greenish  gray  rocks  occur,  possibly  dia- 
base in  composition,  but  too  fine  grained  for  macroscopic  detenuination. 
These  are  in  some  places  distinctly  bedded  and  probably  clastic,  the  dip 
being  north  65°  west  (magnetic),  at  an  angle  of  45°.  Similar  rocks,  witli 
a  similar  dij),  appear  on  the  opposite  side  of  the  harbor  at  the  west  end 
of  the  same  gravel-beach,  and  were  again  found  at  the  summit  of  the 
mountain  or  high  ridge  on  the  east  side.  The  rocks  of  Gibson  island,  off 
the  mouth  of  the  harbor,  were  observed  to  be  bedded  with  such  unusual 
regularity  that  this  island  was  specially  visited.  They  proved  to  consist 
for  the  most  part  of  much  altered  and  indurated  volcanic  materials,  with 
purplish,  greenish  and  gray  colors.  Perhaps  the  most  abundant  material 
is  a  medium  grained  rock,  which  in  some  specimens  is  evidently  an  erup- 
tive, in  others  probably  clastic,  and  very  possibly  a  diabase  in  composi- 
tion, but  fine  grained  clastic  felspathic  rocks  also  occur,  which  pass  into 
a  black  compact  material  which  is  apj)arently  a  true  argillite.  Though 
sought  for,  no  fossil  remains  of  any  kind  could  be  found.  The  dip  is 
here  north  30°  east  (magnetic),  at  an  angle  of  40°. 

The  rocks  seen  in  the  harbor  closely  resemble  those  noted  in  Nazan 
bay,  Atka  island.  The  general  lithological  character  and  degree  of  altera- 
tion of  the  rocks  of  this  part  of  Attn  island  resembles  that  of  some  of  the 
Mesozoic  rocks  of  British  Columbia,  particularly  parts  of  the  Triassie 
series  as  represented  there,  and  though  such  a  criterion  is  of  very  Uniited 
value,  Dall  may  not  improbably  be  correct  in  his  conjecture  that  they 
are  of  Mesozoic  age.*  In  any  ca.se,  the  high  angles  at  which  these  rocks 
lie  and  the  amount  of  alteration  and  denudation  which  they  have  suf- 
fered show  that  beds  much  older  than  those  referable  to  modern  or  even 
late  Tertiary  volcanic  action  are  included  in  the  composition  of  this  part 
of  the  Aleutian  chain. 

Dr  Dall  states  that  Attn  is  destitute  of  modern  volcanic  rocks,  and  my 
observations,  so  far  as  they  go,  are  to  the  same  effect.     Even  in  the  gravel 

•Op.  cit.,  p.  344.  Tlie  oooiirrenee  of  Triassic  rocks  in  the  peninsula  of  Ala^ska  i^  indicated  by 
specimens  from  that  peninsula  shown  to  me  by  Mr  R.  Neumann,  of  Unalaska.  These  consist  of 
the  MonotiM>earing  urgillite  of  that  formation. 
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of  the  beaches  such  rocks  appear  to  be  wanting.  The  pebbles  consist 
chiefly  of  materials  Uke  those  observed  to  occur  locally,  but  a  considera- 
ble number  of  gray  granitoid  fragments  were  also  observed  along  the 
shores,  of  which  the  origin  is  uncertain.  It  is  noteworthy  that  though 
this  island  thus  appears  to  be  composed  of  older  rocks  than  most  of  the 
Aleutians,  its  topographic  forms  are  not  dissimilar  from  those  of  the 
other  islands.  No  distinguishing  features  are,  for  example,  apparent 
between  the  hills  surrounding  Chichagof  tiarbor  and  those  near  Captain's 
•  harbor  in  Unalaska. 

About  Chichagof  harbor  there  are  some  well  marked  old  seacUffs  rising 
behind  gravelly  flats  of  twenty  or  thirty  feet  in  height,  and  such  as  to 
indicate  an  elevation  of  the  land  by  that  amount  since  their  formation. 
On  the  slopes  of  the  ridge  on  the  west  side  of  the  harbor,  several  faintly 
impressed  horizontal  lines  also  appear,  the  highest  being  about  300  feet 
above  the  sea.  They  seem  to  represent  incipient  terraces,  and,  if  so,  must 
indicate  a  somewhat  rapid  elevation  of  the  land,  such  as  to  prevent  any 
long  ex>ntinued  marine  action  at  any  particular  level. 

Commander  Islands. 

Bering  and  Copper  islands,  with  a  few  adjacent  rocks  and  reefs  of  no 
importance,  form  the  Komandorski  or  Conmiander  group  appurtenant 
to  Russia  and  subsidiary  to  the  government  of  the  Amur.  The  two 
islands  are  parallel  in  trend,  lying  in  northwest  by  southeast  bearings. 
They  are  separated  at  their  nearest  points  by  a  distance  of  26  nautical 
miles.  Copper  island,  which  lies  farthest  to  the  eastward,  is  divided  by 
IIK)  miles  of  deep  ocean  from  Attu,  the  easternmost  of  the  Aleutian 
chain,  while  Bering  island  is  distant  some  95  miles  from  the  nearest  part 
of  the  peninsula  of  Kamchatka.  The  high  volcanic  mountains  of  the 
peninsula  may  in  clear  weather  be  seen  from  Bering  island,  but  the  latter 
is  probably  never  under  any  circumstances  visible  from  the  mainland. 
In  view  of  the  fact  that  the  Aleutian  islands  were,  when  discovered, 
rather  thickly  inhabited,  and  that  evidences  exist  on  them  of  inhabitants 
long  antecedent  to  historic  times  for  the  region,*  it  is  somewhat  remark- 
able that  the  Commander  inlands  appear  never  to  have  been  visited  by 
man  previous  to  their  discovery  by  the  Russians  in  1741.  The  climate 
of  these  islands  is  humid  and  cool,  insuring  a  luxuriant  growth  of  grasses 
and  herbaceous  plants  of  various  species  wherever  there  is  sufficient  soil, 
but  though  less  rigorous  than  that  of  the  lands  in  similar  latitudes  on 
the  eastern  side  of  Bering  sea,  no  trees  or  shrubs  are  anywhere  found 
upon  them. 


•Dall  in  Contributions  to  North  Americnn  Ethnology,  vol.  i. 
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Bering  Island. — Bering  island  is  about  50  miles  in  extreme  length,  with 
a  width  of  nearly  20  miles  at  its  northern  and  wider  end.  From  this 
it  narrows  gradually,  but  irregularly,  to  cape  Maniti,  its  southeastern  ex- 
tremity. The  northern  half  of  the  island  is  low,  with  a  rolling  or  nearly 
flat  surface,  much  of  which  is  described  as  consisting  of  "  tundra  "  land. 
It  includes  one  large  lake,  which  discharges  on  the  north  shore.  The 
southern  half  is  higher,  and  appears,  as  seen  from  the  sea,  to  consist  of  a 
mass  of  rounded  hills,  varying  in  height  from  several  hundred  to  perhaps 
1,000  feet.  There  are  no  harbors  about  the  island,  but  a  fair  anchorage, 
with  off-shore  winds,  may  b^  found  in  a  bay  at  Nikolski,  on  the  west 
coast  of  the  island,  about  ten  miles  from  its  northern  end.  The  only 
permanent  settlement,  with  the  headquarters  of  the  Russian  government 
of  the  islands,  is  situated  at  this  place. 

The  shores  of  the  higher  southern  portion  of  the  island  are  generally 
bordered  by  clifis  or  steep  scarped  banks,  with  .narrow  and  V-shaped 
valleys  breaking  through  them  to  the  sea. 

On  the  east  side  of  cape  Maniti,  and  for  some  miles  northward,  r^u- 
larly  stratified  rocks  in  rather  thin  beds  of  pale  brownish  colors  were 
observed,  dipping  regularly  northward  at  an  angle  of  about  15°.  Farther 
to  the  northwestward,  along  the  same  eastern  coast,  at  cape  Tolstoi  (thir- 
teen miles  from  cape  Maniti)  paler  fawn-colored  or  cream-colored  beds 
were  seen,  dipping  away  from  the  shore  at  low  angles.  They  are  crum- 
bling and  incoherent  in  character,  and  produce  long  slopes  of  debris  in 
some  places  between  the  bluffs  and  the  sea.  Similar  rocks  apparently 
continue  from  cape  Tolstoi  to  Stareya  bay,  at  a  further  distance  of  nine- 
teen miles,  but  the  cliffs  become  lower  and  the  scarped  banks  are  less 
steep. 

A  landing  was  effected  at  Stareya  bay,  when  it  was  found  that  the 
scarped  slopes,  which  often  resemble  sand  from  a  distance  and  are  so 
described  in  sailing  directions,  are  in  reality  composed  of  angular  and 
rubbly  fragments  of  whitish,  yellowish  and  gray  argillites  or  shales,  with 
crumbling  sandstones  and  argillaceous,  fine  grained  gray  limestones. 
All  these  rocks  are  well  bedded,  and  on  some  surfaces  small  carbona- 
ceous plant  fragments  were  observed,  though  none  of  these  were  deter- 
minable. The  material  of  the  beach  is  composed  almost  entirely  of  the 
debris  of  similar  rocks,  and  it  is  probable  that  the  whole  northeastern 
coast  of  the  island,  at  least  this  far,  consists  of  moderately  indurated 
sediments  of  Tertiary  age,  regularly  bedded  and  present  in  considerable 
or  great  thickness.  The  browner  beds  of  the  vicinity  of  cape  Maniti 
may,  however,  be  tuffaceous  volcanic  material.  While  it  is  not  improb- 
able that  basaltic  or  other  volcanic  rocks  may  also  occur,  as  some  such 
were  found  upon  the  shore,  they  were  not  actually  seen  in  place.    No 
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crystalline  or  other  evidently  foreign  rocks  were  found  upon  the  beaches. 
The  soil  in  the  valleys  and  on  the  lower  slopes  of  the  hills  is  a  reddish, 
fine  grained  material,  doubtless  formed  by  the  disintegration  of  the  rocks 
above  described. 

No  satisfactory  general  views  of  the  coastline  of  the  northern  and 
lower  part  of  Bering  island  were  obtained  on  account  of  foggy  weather. 
A  landing  was,  however,  made  on  the  north  shore  at  cape  Yushin,  where 
the  '*  north  rookery  "  is  situated.  The  shore  is  here  rocky,  and  wide, 
low  reefe  run  out  from  it,  entirely  composed  of  volcanic  rocks.  One  of 
these  is  a  dark  brown  melaphyre,  containing  plagioclase,  augite  and 
olivine  crystals,  with  some  magnetite,  embedded  in  a  groundmass  of  the 
same  constituents.  There  is  also  a  fragmental  rock  of  somewhat  peculiar 
appearance,  which  seems  not  to  be  a  true  agglomerate,  but  an  eruptive 
material  charged  with  fragments  of  dissimilar  rocks.  The  basis  is  some- 
what amygdaloidal,  and  may  very  probably  have  the  same  composition 
as  the  rock  first  noted.  Well  formed  pyroxene  crystals  are  abundant  in 
some  parts  of  the  mass.  The  rocks  are  much  shattered,  and  it  was  not 
easy  to  determine  the  precise  relations  of  the  two  varieties  here  associated. 
No  trace  of  sedimentary  rocks  like  those  of  Stareya  was  seen. 

At  Nikolski,  on  the  west  side  of  the  island,  the  point  south  of  the  little 
bay  is  composed  of  hard,  fine  grained,  gray,  augite-porphyrite,  composed 
of  plagioclase,  augite,  and  a  light  brown  biotite,  considerably  altered  to 
chlorite,  apatite  and  magnetite.  It  is  homogeneous  in  texture  and  aj)- 
parently  massive.  Here  and  there  this  rock  is  curiously  spotted  with 
flesh-colored  chalcedony,  which  occurs  in  it  in  small  kernels  not  dis- 
tinctly amygdaloidal.  The  relation  which  this  rock  may  bear  to  the 
.stratified  sediments  of  other  parts  of  the  island  remains  uncertain,  as  no 
sedimentary  rocks  were  seen  here.  Basaltic  rocks  are,  however,  probably 
abundant  in  the  northern  part  of  the  island,  for  fragments  of  such  rocks 
are  common  on  the  beaches. 

The  shores  about  Nikolski  in  some  places  show  a  well  marked  low 
terrace,  at  twenty  to  thirty  feet  above  high-water  mark,  which  evidently 
indicates  an  elevation  of  about  that  amount,  as  there  is  a  second  still 
lower  flat  just  above  the  actual  beach,  w^hich  may  be  accounted  for  by 
the  accumulation  of  storm-wash  under  the  present  conditions  or  very 
nearly  so.  This  lower  flat  is  no  doubt  that  in  which  the  Rhyiina  bones 
were  found  to  be  most  abundant  by  Nordenskjold.  With  these  excep- 
tions no  terracing  was  observed  in  Bering  island.  According  to  Mr  N. 
Grebnitsky,  the  governor  of  the  Commander  islands,  some  fossil  shells 
and  plants  have  been  found  in  the  rocks  of  Bering  island,  which,  on 
transmission  by  him  to  Saint  Petersburg,  were  referred  to  the  Miocene 
Tertiary.    Lignite  is  also  found  on  the  island,  but  in  inconsiderable 

XVII— Bull.  Gbol.  Soc.  Ax.,  Vol.  5, 1893. 
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quantity.  Nordenskjold  gives  some  general  notes  on  Bering  island,  and 
quotes  a  statement  made  to  him  by  Mr  Grebnitsky  of  a  character  similar 
to  the  above.* 

To  the  south  of  NikoLski  the  western  shore  of  Bering  island  waa  not 
seen. 

Copper  Island, — Copper  or  Medni  island  is  about  thirty  miles  in  length, 
with  a  greatest  width  of  about  five  miles,  to  the  south  of  the  middle  of 
the  island.  It  forms  a  single  mountainous  ridge,  of  which  the  highest 
parts  probably  attain  an  elevation  of  3,000  feet,  and  is  much  bolder  in 
outline  than  Bering  island.  Its  surface  is  exceedingly  irregular,  and 
comprises  very  little  flat  land  of  any  kind,  while  its  shore  is  often  bor- 
dered by  high  and  rugged  seacliffs,  particularly  along  the  southeastern 
side.  The  shoreline  of  this  side  is  sinuous,  while  that  of  the  northeastern 
side  is  deeply  indented  by  several  considerable  bays,  but  affords  no  good 
harbors  for  large  vessels.  There  are  three  small  settlements  on  the  north- 
east coast — Glinka,  Karabelny  and  Preobajenski — ^the  last  named  being 
the  most  northern  and  the  only  one  continuously  occupied  during  the 
winter  months. 

The  island  api)ears  to  be  almost  entirely  composed  of  volcanic  rock** 
of  some  antiquity.  No  volcanic  cones  or  craters  were  obser\'ed,  but,  on 
the  contrary,  the  existing  relief  is  evidently  the  result  of  oridnary 
denudation.  The  slopes  are  generally  steep  and  are  sometimes  sur- 
mounted by  rocky  crests,  but  are  usually  more  or  less  completely  gras."- 
(H^vered  from  base  to  summit.  The  hills  in  their  form  and  general  appear- 
ance much  resemble  those  of  the  higher  parts  of  Saint  Matthew  island. 

Copper  island  was  crossed  near  its  southeastern  end  from  Glinka 
(Pestchanni  of  some  charts).  At  Glinka  the  rocks  seem  to  have  a  general 
southeasterly  dip,  and  both  here  and  on  the  other  side  of  the  island  are 
for  the  most  part  gray  and  brownish  porphyrites  (augite-porphyrite  ?), 
with  some  massive  beds  of  coarse  agglomerate.  Where  the  scarped  slopes 
of  the  southwest  side  of  the  island  were  first  reached,  a  bed  ten  to  twenty 
feet  in  thickness  of  a  soft  pale  tuffaceous  rock  was  found.  This  consists 
of  small  fragments  and  fine  amorphous  material,  all  apparently  volcanic 
in  origin,  and  contains  embedded  pieces  of  tree-trunks,  sometimes  more 
or  less  silicified,  but  more  usually  in  the  form  of  lignite.  The  tuff  wiu* 
observed  in  some  instimces  to  fill  what  had  originally  been  hollows  in 
the  rotten  wood.  Below  this  is  a  bed  ten  feet  ar  more  in  thickness  of 
coarse  conglomerate  with  well  rounded  stones,  which  also  contains  lig- 
nitized  fragments  of  trees.  The  pebbles  from  the  conglomerate  consist  of 
volcanic  rocks  similar  to  those  common  in  the  vicinity,  and  the  whole  of 
the  water-bedded  intercalation  appeared  to  be  referable  to  the  temporary 

*  Voyage  of  the  Vega,  vol.  il.  pp.  280,  291. 
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occurrence  of  beach  conditions  during  a  stage  of  the  period  of  volcanic 
activity  to  which  the  rocks  of  the  island  generally  are  due.  The  (^p  at 
this  place  is  southeastward  at  an  average  angle  of  15°. 

In  the  valley  behind  Glinka  village  pretty  definite  evidences  of  terrac- 
ing were  observed  at  several  different  levels.  The  horizontal  lines  are, 
however,  but  faintly  impressed.  The  highest  of  these  was  estimated  to 
be  GOO  or  700  feet  above  the  present  sealevel. 

At  Preobajenski,  near  the  northwestern  end  of  the  island,  the  rocks 
seen  were  chiefly  greenish  and  purplish  porphyritic  materials,  of  which 
no  specimens  were  brought  back.  The  rocks  which  form  a  high  cliff  to 
the  north  of  the  village  at  this  place  were  not  examined.  They  are  well 
stratified  and  dip  in  a  southwestward  direction  at  an  angle  of  about  40°. 
There  is,  however,  nothing  in  their  appearance  to  indicate  that  they  difier 
in  origin  from  the  volcanic  materials  elsewhere  characteristic  of  the 
island.  The  native  copper  fi-om  which  this  island  takes  its  name  is  found 
at  its  northwestern  extremity,  and  specimens  of  it  were  given  to  me  by 
Mr  Tillmann,  the  government  officer  in  charge  of  the  island.  Most  of 
these  are  rounded  nuggets  and  pellets,  which  had  evidently  been  picked 
up  on  the  shore,  but  some  of  them  still  include  fragments  of  volcanic 
rock,  gray  or  reddish,  and  very  probably  an  agglomerate.  A  few  unworn 
pieces  in  the  form  of  sheets  or  more  or  less  dendritic  and  crystalline  frag- 
ments must  have  been  freshly  broken  fi-om  the  containing  rock. 

The  occurrence  of  copper  at  this  place  has  long  been  known,*  and  as 
early  as  1755  the  Russian  government  sent  a  mining  engineer  named 
Jakovlev  to  report  upon  it.t  It  is  believed  that  his  report  was  unfavor- 
able to  the  value  of  the  deposits. 

Kamchatka. 

Favorable  weather  enabled  a  remarkably  good  general  view  to  be  ob- 
tained of  part  of  the  Kamchatkan  coast,  in  steaming  along  it  from  the 
latitude  of  Bering  island  to  Avacha  bay.  Its  most  striking  feature  is 
the  series  of  great  volcanic  mountains  which  occur  in  general  parallel- 
ism to  the  axis  of  the  peninsula.  Klotchewsky,  according  to  the  charts, 
is  over  16,000  feet  in  height,  while  Kronotzki,  Japounski  and  Koranski 
attain  10,608,  9,218  and  11,406  feet  respectively.  Several  of  these  moun- 
tains possess  remarkably  symmetrical  conical  forms,  unchanged  by  de- 
nudation and  indicating  continued  growth  and  repair  by  volcanic  forces 
still  near  the  period  of  their  greatest  intensity.  Shishaldin  and  one  or 
two  other  mountains  seen  in  the  Aleutian  islands  show  an  approach  to 

•  Aceoant  of  the  RttssUo  Diseoireries  between  Asia  and  America,  Coxe,  pp.  123, 906. 
t  VoyAge  of  the  Vega,  toI.  ii,  p.  276. 
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such  regularly  conical  forms,  but  taken  as  a  whole  the  volcanoes  of  the 
Aleutian  chain,  as  compared  with  those  of  Kamchatka,  are  but  stunted 
and  irregular,  the  general  impression  conveyed  by  such  a  comparison 
being  that  of  the  much  greater  age  and  dwindling  condition  of  vulcanism 
in  the  Aleutian  region,  where  the  processes  of  waste  have  for  a  long  time 
outstripped  those  of  accretion. 

Besides  the  dominant  volcanic  cones,  covered  or  heavily  striped  with 
snow,  there  is  much  irregularly  mountainous  or  hilly  country  of  lower 
elevation.  Very  possibly  this  also  may  be  largely  volcanic  in  origin, 
but  if  so  it  has  been  denuded  and  sculptured  into  ordinary  systems  of 
hills  and  valleys  like  the  mountains  of  most  of  the  Aleutian  islands 
already  described,  probably  in  later  Tertiary  times. 

There  is  also,  along  this  part  of  the  coast,  evidence  of  a  plane  of  marine 
denudation.  This  plane  was  observed  particularly  about  cape  Japounski 
or  Tshipunski,  where  it  gives  form  to  the  end  of  the  promontory,  and 
spreads  along  the  bases  of  the  higher  hills  sometimes  with  a  width  of  a 
mile  or  more.  At  cape  Japounski  (estimating  from  the  heights  given 
on  the  charts)  this  plane  is,  in  its  higher  parts,  700  to  800  feet  above  the 
present  sealevel,  but  declines  gradually  to  its  seaward  edge,  where  it  is 
about  600  feet  in  height.  Traces  of  the  same  or  a  similar  plane,  though 
at  a  somewhat  lower  level,  were  again  seen  in  the  immediate  neighbor- 
hood of  Avacha  bay. 

At  cape  Japounski  this  flat  bordering  land  or  narrow  plateau  has 
itself  been  since  cut  through  by  narrow  V'Shaped  valleys  which  run 
from  the  inland  hilly  tract  to  the  sea.*  The  excavation  of  the  later 
valleys  seems  to  have  occurred  while  the  land  stood  some  fifty  or  one 
hundred  feet  below  its  present  level,  for  the  valleys  are  not  cut  down  to 
the  sea,  but  terminate  seaward  at  such  heights  above  the  waterline.  The 
coast  cliff  may  be  represented  diagramatically  thus : 
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FioDRE  3.— Diagram  illuatrating  the  Profile  of  the  Coatt  Clifft  at  Cape  Japoumki. 

That  the  plateau  of  cape  Japounski  is  not  one  of  deposition,  but  subse- 
quently impressed,  is  shown  by  the  fact  that  the  underlying  rocks  are 
seen  in  the  seaclifFs,  particularly  near  the  extremity  of  the  cape,  to  be 
well  stratified  and  to  be  inclined  at  various  angles,  which  are  sometimes 
rather  high  and  are  entirely  independent  of  the  level  contour  of  the 

♦The  general  appearance  of  cape  Japoqnski  is  very  well  illustrated  in  view  no.  3  on  chart  no.M, 
U,  S.  Hydrographic  office, 
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plane  of  denudation.    These  rocks  may  very  probably  be  similar  to  those 
of  Petrapavlovsk,  but  they  were  not  examined. 

Diagramatically  the  general  structure  of  this  part  of  the  Kamchatka 
peninsula  may  be  represented  as  above,  but  it  must  be  understood  that 
the  illustration  is  not  an  actual  drawing  of  any  one  part  of  the  coast. 
The  order  in  time  of  the  origin  of  its  several  features,  as  indicated  by  the 
form  of  the  land  and  with  reference  merely  to  their  relative  age,  being  as 
follows : 

1.  Stratified  rocks,  upturned,  and  denuded  into  systems  of  hills. 

2.  Prolonged  depression  of  600  to  800  feet,  during  which  a  plane  of 
marine  denudation  was  formed,  while  the  sculpture  of  the  inland  hills 
continued. 

3.  Elevation  of  the  land  to  within,  say,  one  hundred  feet  of  its  present 
level,  during  which  narrow  valleys  were  cut  out  across  the  plane  of 
marine  denudation. 

4.  Further  elevation  of  the  land  to  about  the  present  level,  after  which 
wide  delta  flats  have  been  formed,  as,  for  instance,  that  in  the  bay  west 
of  cape  Japounski  and  that  about  the  mouth  of  the  Avacha  river. 
These  are  so  well  marked  as  to  indicate  a  considerable  lapse  of  time. 


FiovBS  4.— Diagram  Uhutrating  the  orographic  Characters  of  the  southern  Part  of  Kamchatka. 

The  towering  volcanic  cones  must,  of  course,  have  been  formed  at  a 
comparatively  late  date  in  this  history,  and  their  growth  has  continued 
up  to  the  present, 

Avacha  bay,  entered  by  a  narrow  strait,  expands  within  to  a  wide  body 
of  water  from  six  to  ten  miles  across.  The  little  harbor  of  Petrapavlovsk 
is  situated  on  the  east  side  of  the  bay. 

The  rocks  met  with  about  this  harbor  are  well  stratified,  often  in  regular 
layers  a  few  inches  only  in  thickness.  They  consist  of  gray,  black  and 
greenish  felsites,  hard  argillites,  generally  very  fine  grained,  associated 
\vith  gray,  blackish  or  greenish  halleflinta  and  greenish  diabase  or  chlo- 
ritic  rocks,  generally  schistose.  All  these  are  much  indurated  and  con- 
5*iderably  disturbed,  sometimes,  for  limited  areas,  actually  contorted. 
They  are  frequently  broken  by  small  faults,  as  well  as  by  innumerable 
joints,  cutting  in  all  directions,  so  as  to  shatter  easily  under  the  hammer 
and  to  form  by  weathering  rubbly  slopes.  While  these  rocks  are  evi- 
dently in  part  composed  of  ancient  volcanic  materials,  they  must  have 
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been  laid  down  in  water,  and  date  from  a  period  much  more  remote 
than  that  of  the  existing  volcanoes.  They  closely  resemble  in  lithologic 
character  some  of  the  Paleozoic  and  Triassic  rocks  met  with  in  British 
Columbia,  and  in  their  degree  of  alteration  are  like  to  those  already  noted 
as  occurring  on  Attu  island ;  but  as  such  characters  depend  chiefly  on 
the  degree  and  nature  of  metamorphism  to  which  the  beds  have  been 
subjected,  they  afford  little  clew  to  the  real  age  of  the  rocks.  No  trace 
of  organic  remains  could  be  found  in  them. 

In  the  vicinity  of  the  harbor  these  rocks  have  preponderantly  southerly 
dips  at  rather  high  angles,  and  a  thickness  of  several  thousand  feet  of 
them  is  here  displayed.  At  the  coaling  place,  near  the  entrance  to  the 
harbor  on  its  west  side,  they  dip  south  10®  east  (magnetic)  at  an  angle 
of  30®,  and  similar  dips  are  found  along  all  this  side  of  the  harbor. 
About  a  mile  outside  the  harbor,  on  the  east  shore  of  Avacha  bay,  similar 
rocks  are  seen  in  low  cliffs,  dipping  south  40®  west  (magnetic)  at  an  angle 
of  60® ;  but  in  following  the  shore  into  the  harbor  varied  and  irregular 
dips  are  met  with.  Further  out,  beyond  a  deep  indentation  in  Avacha 
bay,  the  stratification  in  some  of  the  cliffs  appears  to  be  nearly  hori- 
zontal. 

Mr  Collie,  in  the  Zoology  of  Captain  Beechey's  Voyage,  notes  the  occur- 
rence of  serpentine  as  a  frequent  constituent  of  the  older  rocks  about 
Avacha  bay.  These  rocks,  as  represented  in  the  immediate  vicinity  of 
Petrapavlovsk,  he  refers  to  in  a  general  manner  as  clay-slates,* 

On  the  east  side  of  the  harbor  of  Petrapavlovsk,  behind  the  village,  a 
distinct,  though  faintly  impressed  line  running  along  the  hill,  seems  to 
indicate  the  existence  of  an  old  sea-margin  at  a  height  of  about  250  feet 
above  the  present,  but  apart  from  this  no  evidences  of  terracing  were 
observed  at  this  place.  Neither  were  any  erratics  or  bowlder-clay  met 
with ;  nor  were  any  striated  rock-surfaces  or  other  evidences  of  glaciation 
anywhere  seen.  So  far  as  they  go,  such  observations  are,  of  course,  en- 
tirely negative  in  character;  but  it  may  be  affirmed  that  no  traces  of  the 
Glacial  period,  such  as  those  so  commonly  found  on  the  coast  of  British 
Columbia  and  that  of  southeastern  Alaska,  are  here  apparent. 

Pribilof  Islands. 

Mr.  J.  Stanley-Brown,  of  the  United  States  Geological  Survey,  during 
his  residence  upon  these  islands  in  18111,  made  a  thorough  examination 
and  survey  of  them.  The  main  results  of  his  work  are  given  in  brief 
in  a  paper  lately  read  before  the  Geological  Society  of  America.t    ^^^ 

•  ZoOlofcy  of  Captain  Beechey's  Voyage,  London,  1839,  p.  167. 
t  Bull.  Geol.  Soc.  Am.,  vol.  iii,  p.  496. 
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Stanley-Brown  found  the  islands  to  be  entirely  volcanic,  and  for  the 
most  part  basaltic.  The  centers  of  eruption  are  still  recognizable,  and 
the  date  of  origin  of  the  accumulations  is  regarded  as  post- Pliocene.  No 
erratics  are  found  upon  the  higher  levels  and  there  are  no  traces  of  gla* 
ciation  either  general  or  local.  Raised  beaches  were  not  observed,  except 
in  one  instance  which  is  believed  to  be  due  to  local  volcanic  disturbance. 
The  island  of  Saint  George  has  been  consideraly  affected  by  orographic 
movement  since  its  formation,  but  that  of  Saint  Paul  is  believed  to  have 
remained  unchanged. 

Though  several  visits  were  made  to  these  islands  during  the  summer 
of  1891,  my  opportunities  for  geological  observations  there  were  very 
small  as  compared  with  those  of  Mr  Stanley-Brown  and  the  facts  noted 
therefore  require  the  briefest  mention  only. 

The  most  interesting  locality  on  either  island  is  undoubtedly  that  of 
Black  bluff,  Saint  Paul  island,  where  fossils  have  been  collected  by 
Wassressenski,  Elliott  and  others  as  well  as  by  Mr  Stanley-Brown.  I 
had  the  pleasure  of  visiting  this  place  with  the  last  named  gentleman, 
and  entirely  concur  with  his  view  as  to  the  mode  of  occurrence  of  the 
fossils,  namely,  that  they  are  found  only  in  detached  fragments  of  cal- 
careous argillite  which  are  included  in  a  deposit  of  basaltic  scoria  and 
volcanic  ash.*  The  distinctly  bedded  character  of  this  enclosing  rock, 
however,  leads  me  to  believe  that  it  was  laid  down  under  water,  the 
products  of  the  volcanic  eruption  being  there  mingled  with  fragments 
ripped  up  from  the  sea-bed  by  the  same  force.  If  this  view  be  correct, 
it  follows  that  the  island,  or  this  part  of  it  at  least,  has  been  elevated  by 
an  amount  of  at  least  80  feet  since  the  time  of  the  eruption. 

The  manner  in  which  the  fossils  occur  at  this  place  shows  that  they 
cannot  be  accepted  as  fixing  the  precise  age  of  the  formation,  but  only 
as  representing  some  beds  which  already  existed  at  that  time.  Thus 
the  fact  that  all  the  molluscs  collected  here  by  Mr  Stanley-Brown  are 
still  living  species,  while  earlier  collections  included  some  species  now 
extinct,  presents  no  difficulty .f  It  tends  merely  to  show  that  deposits 
flue  to  the  upper  Miocene  (Astoria  group  of  Dall),  with  others  to  which 
a  post-Pliocene  date  must  be  attributed,  occur  in  the  bed  of  this  part 
of  Bering  sea,  and  to  confinn  the  later  post-Pliocene  date  accorded 
to  eruptions  which  have  produced  the  islands. 

Another  fact  which  seems  to  show  that  the  island  of  Saint  Paul  must 
have  been  upraised  to  some  extent  since  the  date  of  the  period  of  vul- 
canism  is  the  difference  of  contour  which  exists  between  the  higher  hills 
of  the  island  and  the  sometimes  widely  extended  lower  slopes  attaching 

•  Op.  cit.,  p.  497. 

top.  cit,  p.  498.    Bull.  U.  S.  Geol.  Survey,  no.  84,  pp.  2fi7,  268. 
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to  them.  The  profile  of  the  southern  side  of  the  island  as  seen  from 
Northeast  point  may  be  specially  instanced.  Here,  from  the  st«ep  slope 
of  Polovina  hill,  a  very  gently  inclined  plain  extends  seaward  to  the 
edge  of  the  low  modern  seacliffs  which  now  border  the  actual  shore. 
This  flat  tract  is  covered  with  scoriaceous  materials.  Its  highest  part  is 
at  an  elevation  of  about  100  feet  above  the  present  sealevel,  and  its  exist- 
ence appeared  to  me  to  be  most  easily  explained  by  supposing  that  the 
volcanic  ejecta  were  here* distributed  and  levelled  as  they  fell  in  a  shal- 
low sea.  An  examination  of  Mr  Stanley-Brown's  contoured  map  of  the 
island  *  will  show  that  (apart  from  seacliffs)  the  slopes  below  the  100- 
foot  contour  line  are  throughout  notably  light,  while  those  above  it  are 
nearly  all  much  steeper. f 

On  the  low  flat  land  of  the  Northeast  point  of  Saint  Paul  island,  the 
bones  of  whales  and  walrus  are  found  in  considerable  abundance  im- 
bedded in  sandy  deposits.  These  lie  at  a  height  of  some  feet  above  the 
highest  level  of  modern  storm-wash. 

As  it  is  impossible  that  the  remains  of  whales,  at  least,  could  have  been 
carried  to  their  pfesent  position  otherwise  than  by  the  sea  (the  island 
having  been  uninhabited  till  the  time  of  its  discovery  by  the  Russians, 
about  100  years  ago),  it  appears  to  be  certain  that  the  land  has  been 
further  raised  within  quite  recent  times  by  an  amount  sufficient  to 
account  for  their  presence — say,  about  ten  feet.  Evidence  to  the  same 
effect  is  also  found  in  this  vicinity  in  the  \^ide  flat  to  the  west  of  Hutchin- 
son hill,  where  the  superficial  sandy  deposits  have  at  some  former  time 
been  stripped  away  by  the  sea,  leaving  a  bowlder-strewn  tract  which  is 
bounded  on  the  inland  side  by  a  low  step  or  rise. 

In  his  account  of  the  Pribilof  islands  (page  499)  Mr  Stanley-Brown 
writes  as  follows : 

"  There  are  two  fragments  of  paleontologic  evidence  connected  with  theee  islands 
which,  as  they  have  l)een  U8e<l  by  writers,  demand  a  cautionary  word.  The  tu.«k 
of  a  mammoth  was  found  in  the  sands  of  Northeast  ix>int  on  Saint  Paul  island,  and 
the  tooth  of  one  is  reported  as  coming  from  the  shores  of  Saint  Greorge.  As  there 
is  not  a  foot  of  earth  upon  either  island,  save  that  which  has  resulted  from  the 
decomposition  of  the  native  rock  and  the  decay  of  the  vegetation,  the  value  of  such 
testimony  is  questionable." 

Dall  attributes  more  importance  to  these  discoveries,  and  authenticates 
that  on  Saint  George  on  the  evidence  of  Veniaminof,J  while  he  also 
quotes  Stein  as  an  authority  for  the  occurrence  bf  similar  remains  on 


•  Fur-seal  Arbitration  :  Case  of  the  Unite<l  Stftt<>B,  map  no.  2. 

tit  is,  however,  to  be  remembered  that  Mr  Stanley-Brown's  examination  of  the  island  led  hira 
to  refer  the  differences  here  commented  on  to  other  causes,  which  may  possibly  afford  a  sufficient 
explanation  of  them. 

X  Op.  cit.,  p.  266, 
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Tnalaska  island.  It  will  be  observed  that  Mr  Stanley-Brown  does  not 
question  the  finding  of  the  mammoth  remains  on  the  Pribilof  islands, 
and  I  do  not  attach  the  same  significance  to  the  absence  of  extraneous 
earthy  matter  in  the  soil  to  which  he  refers.  This,  in  fact,  appears  to 
afford  further  reason  to  believe  that  the  bones  could  not  have  been  carried 
thither  in  any  adventitious  manner,  and  to  render  it  as  nearly  as  pos- 
sible certain  that  the  animals  to  which  they  belonged  must  have  found 
their  way  to  the  islands  at  a  time  when  they  were  connected  with  the 
American  continent  by  means  of  a  wide  plain,  such  as  Mr  Stanley-Brown 
himself  explains  in  one  of  the  paragraphs  of  his  paper,t  would  be  made 
if  an  elevation  of  200  feet  should  now  take  place  in  Bering  sea. 

The  absence  of  old  sea-margins  on  the  Pribilof  islands  may  be  accepted 
as  showing  that  since  the  time  of  their  original  elevation  above  the  sea 
they  have  not  been  again  submerged,  but  there  is  no  evidence  whatever 
to  show  that  they  may  not  have  stood  at  higher  levels. 

My  observations  agree  with  those  of  Mr  Stanley-Brown  in  regard  to 
the  absence  of  erratics  above  the  present  sea-margin,  but  it  may  be  added 
that  not  infrequent  pebbles  and,  small  bowlders  of  granitic  rocks  occur 
upon  the  actual  beaches  in  association  with  local  debris.  These  have 
in  all  probability  been  brought  hither  either  by  the  floe-ice,  which  fills 
this  part  of  Bering  sea  in  winter,  or  attached  to  the  roots  of  drift  tree- 
trunks,  which  are  often  washed  ashore. 

NuNivAK  Island. 

The  form  of  Nunivak  island  is  very  imperfectly  represented  on  the 
charts.  It  was  approached  by  us  on  the  7th  of  August  on  its  south- 
western side,  where  a  landing  was  effected.  On  the  following  day  the 
western  and  northern  shores  were  coasted  at  a  distance  as  small  as  ap- 
peared to  be  compatible  with  safety,  and  the  next  niglit  was  spent  at 
anchor  in  Eteolin  harbor,  at  the  northeastern  extremity  of  the  island. 

The  island  is  throughout  gra^s-covered,.but  entirely  devoid  of  trees, 
though  a  few  stunted  shrubs  are  found  in  some  of  the  valleys.  Its 
coasts  are  usually  rather  low,  but  vertical  cliffs  of  100  to  150  feet  in 
height  appear  at  the  points  and  projecting  headlands,  while  shelving 
rocky  shores,  with  occasional  sandbeaches  and  sanddunes,  characterize 
the  various  open  bays.  The  cliffs  show  several  superposed  and  horizon- 
tal layers  of  basaltic  rock,  and  in  the  low  hills  of  the  interior  of  the 
island  similar  but  overlying  massive  flows  of  the  same  kind  may  be 
traced.  These  hills  are  all  more  or  less  plateau -like  in  form,  and  might 
readily  be  mistaken  in  some  places  for  old  marine  terraces.     The  highest 

•  Op.  Cit.,  p.  496. 
XVIII— Bull.  Obol.  Soc.  Am.,  Vol.  5,  1893. 
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parts  of  the  island  were  estimated  at  about  500  feet.  At  Eteolin  harlMir 
the  rock  is  a  gray  olivine-diabase,  very  porous  and  cellular,  and  3ej)aratcMi 
into  layers  which  Kimilate  horizontal  bedding,  but  which  are  due  to  flow 
structure. 

Part  of  the  east  coast  of  the  island  was  subsequently  seen  from  a  dis- 
tance, and  its  appearance  is  so  similar  to  that  of  the  other  coasts  that 
there  can  be  little  doubt  .that  the  island  is  entirely  composed  of  nearly 
horizontal  basaltic  flows.  The  basalts  examined  are  all  fresh  looking 
and  unaltered,  like  those  of  Saint  Paul  island.  The  much  altered  sand- 
stones reported  by  Dall  at  Eteolin  harbor  were  not  found,  nor  was  I  able 
to  identify  any  volcanic  cones  upon  this  island.* 

No  erratics  or  traces  of  glaciation  were  observed  on  the  parts  of  Nuni- 
vak  island  visited. 

Cape  Vancouver. 

Cape  Vancouver,  twenty-five  miles  distant  from  the  eastern  coast  of 
Nunivak  island,  is  a  projecting  point  of  Nelson  island,  which  is  to  all 
intents  a  portion  of  the  adjacent  Alaskan  mainland.  It  is  a  bold  and 
high  promontory,  which,  though  scarcely  to  be  characterized  as  moun- 
tainous, rises  to  a  height  of  probably  1,000  or  1,500  feet.  It  evidently 
forma  one  of  several  or  many  projections  of  higher  land  along  this  part 
of  the  Alaskan  coast,  which  are  connected  by  broad,  low,  level  traoti'. 
The  north  shore  of  the  cape,  which  alone  was  examined,  forms  scarpal 
bluffs  or  cliff's,  rising  from  the  edge  of  the  sea,  and  presenting  fine  ex- 
posures of  sandstones  and  sandy  shales,  well  bedded  and  dipj)ing  south- 
ward, at  low  and  undulating  angles.  At  the  extremity  of  the  capelthes^f 
beds  appeared  to  be  horizontal,  and  on  the  south  side,  thougli  imper- 
fectly seen  from  a  distance,  they  seem  to  lie  at  higher  and  more  irregular 
inclinations. 

The  sandstones,  where  examined,  are  gray,  bluish  and  brownish  in 
color,  rather  soft,  and  sometimes  nodular.  They  contain  a  few  verj'  thin 
and  dirty  seams  of  coal  or  lignite,  of  which  the  thickest  seen  was  only 
a  few  inches.  There  are  also  in  the  sandstones  numerous  carbonaceou.s 
fragments  and  occasional  fossil  leaves,  of  which  a  couple  were  collected 
These  have  been  submitted  to  Sir  J.  William  Dawson,  who  supplies  the 
following  note  upon  them : 

"  No.  I.  Juglans  amminaia,  R.  Brauu,  Heer,  Flora  Fossilis  Alaakana,  1869,  imp? 
38.  /6.,  Flora  Fossilis  Arctica,  vol.  I.  i6.,  Contributions  to  Fossil  Flora  of  >' 
Greenland.     Trans.  Royal  Society,  18(59. 

"  This  species  is  stated  by  Ileer  to  occur  in  sandstone  at  English  bay,  Alaska.  It 
is  also  found  at  Atanekerdluk  jn  Greenland,  and  is  said  to  occur  in  the  Eurojiean 


»  Cf.  Dftll,  op.  cit.,  p.  245. 
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Miocene  at  Oeningen  and  Hohe  Blunen.  Very  similar  species,  if  not  mere  varietal 
forms,  are  credited  by  Lesquereux  and  AVard  to  the  Laramie  and  Tertiary  of 
western  America.  The  plants  found  with  this  si>ecies  at  English  bay,  Alaska,  and 
at  Atanekerdluk,  Greenland,  are  closely  allied  to  those  of  the  upper  Laramie  of 
Canada,  and  I  have  been  inclined  to  refer  them  to  this  age  rather  than  to  the 
Mi<x*ene. 

**  No.  2.  Fragment  of  a  leaf  of  considerable  size,  but  too  imjierfect  for  determina- 
tion. It  may  iK)8sil)ly  have  belonged  to  a  species  of  Qtiercwt  or  of  a  large  Corylun, 
like  C.  McQuarriij  but  this  is  quite  uncertain.  *' 

According  to  the  classification  adopted  by  Dr  Dall  in  his  recent  work, 
the  beds  at  cape  Vancouver  would  appear  to  fall  under  the  Kenai  group 
of  the  Miocene,  though  the  locality  is  a  new  one.* 

Upon  the  beach  at  cape  Vancouver  fragments  of  vesicular  basalt  are 
a}>undant,  and  the  distant  outline  of  the  cape  led  nie  to  suppose  that  the 
stratified  rocks  are  capped  by  basaltic  flows  in  the  higher  hills  a  short 
distance  inland  from  the  extremity  of  the  cape. 

A  fairly  distinct  though  rather  narrow  terrace  of  earthy  materials  was 
observed  along  the  north  shore  of  the  cape  at  a  height  of  80  to  100  feet 
above  the  sea. 

Saint  Matthew,. Hall  and  Pinnacle  Islands. 

Saint  Matthew  island,  with  Hall  and  Pinnacle  islands  near  it,  are 
iiituated  in  the  center  of  the  northern  part  of  Bering  sea.  They  are  so 
remote  from  any  other  land  that  they  appear  never  to  have  been  reached 
by  the  E^skimo,  though  polar  bears  are  brought  to  them  on  the  floe-ice  of 
winter  and  remain  during  the  summer.  Saint  Matthew  island  itself  is 
long  and  narrow,  extending  in  a  northwest  by  southeast  direction  for 
about  thirty  miles.  Hall  island,  some  five  miles  in  greatest  length,  lies 
near  the  northwest  end  of  Saint  Matthew,  and  Pinnacle  island  is  situated 
at  a  distance  of  six  or  seven  miles  to  the  south  of  the  main  islands.  The 
islands  are  very  imperfectly  delineated  on  the  existing  charts. 

Saint  Matthew  island  may  be  described  as  consisting  of  the  unsub- 
nierged  portion  of  a  range  of  bold  rounded  hills,  some  parts  of  which 
probably  reach  an  elevation  of  about  1,600  feet.  It  is  in  reality  formed 
of  three  isolated  groups  of  hills  of  unequal  size  which  may  originally  have 
}>€en  separated  by  narrow  straits,  but  are  now  united  by  tracts  of  low 
gravelly  land  washed  up  by  the  action  of  the  sea.  These  low  lands  in- 
clude several  lagoons,  into  which  streanis  fall  and  from  which  the  water 
percolates  through  the  gravel  to  the  sea.  Hall  island  is  in  every  way 
similar  to  Saint  Matthew,  but  happens  to  be  divided  from  it  by  a  still 
existing  strait. 

•  Op.  dt.,  p.  284. 
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The  forms  of  the  hills  are  not  rugged  or  scarped,  but  they  have  been 
cut  back  into  seacliffs  of  varying  height  along  all  the  shores. 

There  is  no  appearance  of  volcanic  craters,  cones  or  centers  of  eruption, 
nor  were  any  volcanic  rocks  of  surface  origin,  such  as  the  basalts  of  the 
Pribilof  and  Nunivak  islands,  seen  about  these  islands.  The  hills  seem 
to  be  the  residual  portions  of  much  more  extensive  volcanic  accumula- 
tions of  some  antiquity,  of  which  the  greater  part  has  been  removed  by 
ordinary  processes  of  denudation.  So  far  as  examined,  they  were  found 
to  be  composed  of  rocks  generally  less  basic  in  composition  than  the 
basalts  and  probably  in  the  main  of  deep  seated  origin,  but  neverthe- 
less entirely  volcanic  or  eru])tive.  No  raised  beaches  or  terraces  were 
observed,  nor  were  any  recognizable  instances  of  travelled  bowlders  or 
traces  of  glaciated  rock  surfaces  seen  on  the  islands  of  this  group. 

The  following  more  detailed  notes  include  the  results  of  examinations 
made  on  August  10,  11  and  12, 1891 : 

The  cliffs  at  cape  Upright,  the  eastern  end  of  Saint  Matthew  island, 
are  in  some  places  about  500  feet  in  height,  very  rugged  in  form  and 
tenanted  by  numerous  seabirds.  The  sea  has  here  cut  back  beyond  the 
crests  of  a  small  group  of  hills,  so  that  the  ground  slopes  away  steeply 
inland  from  the  summit  of  the  cliffs.  The  rocks  are  everywhere  very 
much  shattered  and  jointed.  They  consist  of  greenish  and  purplish 
feldspathic  materials,  often  porphyritic,  in  many  cases  evidently  clastic, 
and  in  one  place  including  a  hard,  pale  greenish  tuff.  These  are  asso- 
ciated with  a  gray  fragmental  rock  chiefly  composed  of  granitic  material, 
with  much  epidote  and  chlorite.  This  simulates  a  granite,  but  contains 
also  angular  fragments  of  the  darker  poq)hyrites.  Nearly  all  these  rocks 
are  considerably  decomposed,  and  resemble  rocks  met  with  in  British 
Columbia,  where  the  centers  of  eruption  of  Miocene  date  have  been  cut 
through  or  exposed  by  denudation. 

In  following  the  north  coast  of  Saint  Matthew  island  from  cape  Upright 
to  its  deepest  indentjition,  which  forms  an  open  bay,  where  we  anchored, 
a  stretch  of  low  land  with  gravel  beach  is  first  passed.  Cliffs  then  border 
the  sea,  and  are  composed  of  rather  massive  rocks  of  dark  color,  resem- 
bling those  above  described.  In  rounding  the  most  prominent  point 
between  cape  Upright  and  the  bay,  however,  a  thick  stratum  of  a  grayish 
yellow  color  is  observed  in  the  cliff.  This  rests  with  perfect  regularity 
on  the  darker  rocks  below,  but  its  upper  surface  appears  tojhave  been 
plowed  up  by  the  pasnage  over  it  of  the  overlying  material  in  a  molten 
state.  The  general  dip  of  the  beds  is  southward  at  an  angle  of  about  15°. 
The  light  colored  material  is  probably  tuff  or  fine  volcanic  agglomerate. 

From  the  anchorage  westward,  the  rocks  of  the  north  shore  of  Saint 
Matthew  island  were  seen  only  from  the  sea.    They  appeared  to  be 


SAINT   MATTHEW,   HALL   AND   PINNACLE   ISLANDS.  137 

similar  to  those  last  described,  and  are  very  probably  of  about  the  same 
horizon  throughout.  The  pale  colored  stratum  referred  to  reappears  at 
several  places,  and  always  with  a  low  southerly  dip  away  from  the  sea. 

The  south  side  of  Saint  Matthew  island  was  clearly  seen  from  the  sea 
and  closely  examined  through  the  telescope  westward  to  about  abreast 
of  Pinnacle  island.  Its  general  features  and  the  appearance  of  its  rocks 
are  in  every  way  similar  to  those  of  the  north  side. 

The  general  structure  of  Hall  island,  in  which  the  same  rocks  are  con- 
tinued, is  illustrated  by  the  subjoined  diagram,  sketched  along  its  east 
coast. 

The  principal  dip  is  here  to  the  northward  at  low  angles,  and  the  rocks 
consist  of  a  series  of  "  porphyrites,"  with  intercalated  tuffaceous  and 
agglomeritic  beds.  The  rocks  shown  at  a,  d  and  /  in  the  diagram,  con- 
sist preponderantly  of  grayish  purple,  purple  and  gray  porphyrites, 
nearly  massive,  but  sometimes  with  a  rude,  irregular,  columnar  structure, 
particularly  toward  the  north  end  of  the  island,  where  the  rock  is  dis- 
tinctly an  augite-porphyrite.    They  have  been  considerably  altered  and 
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decomposed,  frequently  largely  silicified  by  subsequent  solfataric  action, 
while  they  are  often  markedly  rusty  in  irregular  bands.  C  'and  e  are 
pale  gray  in  color,  and  consist  of  tuff,  volcanic  ash  or  fine  agglomerate, 
which  is  evidently  water-bedded,  and  in  some  places  rather  finely  strati- 
fied. This  is  particularly  the  case  in  respect  to  the  bed  c,  which  is  from 
200  to  300  feet  thick,  and  is  underlain  by  a  similar  thickness  (6)  of  coarse 
brownish  and  blackish  agglomerate,  holding  some  fragments  from  one  to 
three  yards  in  diameter. 

The  section  evidently  represents  the  results  of  volcanic  action  which 
han  been  in  part  or  altogether  submarine.  The  rocks  are  everywhere 
much  fractured  and  jointed,  giving  rise  under  the  action  of  the  sea  to 
Wd»  rugged  and  picturesque  cliffs  like  those  of  cape  Upright.  Much 
fhalcedony  and  jasper  occur  on  the  east  side  of  Hall  island  near  its 
s^outhern  end  in  the  porphyritic  rocks,  and  these  minerals  here  compose 
a  considerable  portion  of  the  worn  beach  pebbles  in  some  places.  The 
chalcedony  is  generally  white  or  milky,  the  jasper  red  or  red  veined 
with  yellow. 

In  1791  Sauer,  of  Billing's  Russian  Scientific  Expedition,  landed  on 
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this  island,  probably  near  this  place,  and  particularly  notes  the  abun- 
dance of  jasper  and  chalcedony  * 

Pinnacle  island  was  so  named  by  Cook  in  1778.  It  is  a  narrow  crest 
of  jagged  rocks,  apparently  about  a  mile  in  length  and  lying  north  and 
south.  On  some  charts  its  height  is  given  at  900  feet,  and  its  higher 
parts  may  reach  this  elevation,  but  as  its  form  is  very  imperfectly  shown 
on  the  charts  no  accuracy  can  be  attached  to  the  height  stated.  It  pre- 
sents a  series  of  vertical  and  sometimes  overhanging  cliffs  to  the  sea  on 
both  sides,  gashed  by  transverse  breaks  into  a  series  of  narrow  peaks  and 
pinnacles.  In  many  places  the  sea  washes  the  base  of  sheer  cliffs  which 
often  show  low  caves  along  the  water  line.  Elsewhere  rough  narrow 
beaches  permit  a  landing  to  be  made  in  calm  weather. 

Myriads  of  birds  find  nesting  places  in  the  cliffs.  Several  polar  bears 
were  also  observed  on  the  island,  and  on  a  low  neighboring  rock  to  the 
southeast  a  considerable  colony  of  sealions  was  noticed. 

Some  hours  were  spent  about  the  island  under  favorable  circumstances 
of  weather  on  August  12,  and  the  shore  was  closely  followed  all  round 
in  the  steam  launch  of  H.  M.  S.  Pheasant, 

The  rocks  are  everywhere  very  similar  to  those  of  cape  Upright,  and 
evidently  belong  throughout  to  the  same  old  volcanic  series.f  Like 
these,  they  are  very  much  shattered  and  disturbed.  Dark  purplish  and 
greenish  feldspathic  rocks,  which  are  often  distinctly  strati^ed  or  strati- 
form and  dip  at  various  angles,  are  perhaps  the  most  abundant.  Some 
beds  of  gray  arkose  material,  like  that  of  cape  Upright,  were  also  seen 
here.  These  are  now  consolidated  into  a  hard  rock,  but  occasionally 
show  very  distinct  stratification.  The  granitic  debris  is  here  embedded 
in  a  chloritic  matrix. 

Saint  Lawrence  Island. 

Saint  Lawrence  island,  the  largest  in  Bering  sea,  is  about  85  mile-s  in 
length,  and  is  situated  not  far  to  the  south  of  Bering  strait.  The  western 
end  of  this  island  was  coasted  from  Southwest  point  to  cape  Chibukak. 
Between  Southwest  point  and  cape  Sanachno  th^  shore  is  formed  by 
rugged  cliffs  several  hundred  feet  in  height,  with  some  outlying  rocks 
and  reefs.  These  cliffs  are  composed  for  the  most  part  of  a  gray  rook, 
which  from  its  massive  appearance,  as  well  as  from  the  observations  sub- 
sequently made  at  cape  Chibukak,  is  almost  certainly  granitic.  This  is 
seen  to  be  overlain,  where  higher  ground  approaches  the  shores,  by  hori- 

*  An  Account  of  a  Geographical  and  AatroDomical  Expedition  to  the  northern  Parts  of  Russia. 
London,  1802,  p.  2:«. 

t  The  statement  that  Pinnacle  inland  {»  a  *'  volcanic  chimney,  still  smoking  *'  is  incorrect.  Bail. 
U.  S.  Geol.  Survey,  no.  84,  p.  258. 
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zontal  or  very  lightly  inclined  stratified  materials  of  brownish  and  red- 
dish brown  colors,  which  are  with  little  doubt  volcanic,  but  more  probably 
scoriaceous  or  agglomeritic  than  basaltic.  Low  plateau-like  hills  some 
miles  further  inland  appear  to  be  composed  of  similar  materials.  Higher 
hills,  at  a  greater  distance  from  this  part  of  the  shore,  were  seen  only 
very  imperfectly,  between  clouds. 

The  northeast  point  of  the  island,  ending  in  cape  Chibukak,  consists 
of  a  plateau  about  *200  feet  in  height,  with  a  notably  level  outline  as 
seen  from  the  sea.  This  plateau,  however,  declines  to  the  southward  to 
lower  land,  by  which  it  is  connected  with  the  rest  of  the  island.    It  breaks 


FiouRK  B.— 'Shattered  granitic  Eoeka,  Cape  Chibukak,  Saint  Lawrence  Island. 


off  to  seaward  in  cliffs  or  steep  rocky  slopes,  with  here  and  there  pro- 
jecting pinnacles  of  fissured  rock  rising  from  them. 

A  landing  was  made  on  the  east  side  of  cape  Chibukak,  where  the 
plateau  was  found  to  consist  of  gray  biotite-granite  of  uniform  color  and 
texture  and  moderately  coarse  grain.  The  surface  of  the  plateau  is 
everywhere  covered  with  irregular,  angular,  broken  blocks  of  granite, 
much  like  those  often  found  on  high  mountain  summits,  and  doubtless 
the  result  of  severe  climatic  conditions  acting  upon  the  naturally  jointed 
rocks.  No  erratics  were  found  upon  the  plateau  nor  any  traces  of  glacial 
striation  or  smoothing,  though  if  such  at  any  time  existed  they  may 
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have  been  lost  in  consequence  of  the  breaking  up  of  the  original  rocky 
surface.  The  impression  conveyed  was,  however,  that  this  condition  of 
the  surface  was  of  ancient  date  and  had  been  preserved  because  of  the 
exemption  of  the  region  from  the  effect  of  glaciating  agents.  Some  stones 
were  found  on  the  present  beach  which  did  not  appear  to  belong  to  the 
actual  vicinity,  but  if  transported  from  any  distance  the  abundance  of 
floe-ice  known  to  occur  in  these  seas  in  winter  is  quite  sufficient  to  ac- 
count for  this.  Nothing  whatever  was  found  to  favor  the  theory  of  an 
"  oversweeping  glacier,"  the  supposed  action  of  which  has  been  particu- 
larly illustrated  by  Mr  John  Muir  from  the  contours  of  hills  and  clitfe 
on  this  island.* 

The  level  contour  of  the  plateau  suggests  that  it  may  represent  an 
ancient  plane  of  marine  denudation  or  peneplain.  On  the  east  side  of 
the  cape  a  fairly  distinct  terrace  occurs  at  a  height  of  about  fifty  feet 
above  the  sea.  This  has  been  cut  back  in  the  granitic  rocks  as  a  narrow 
step,  which  is  now  encumbered  with  broken  blocks  from  the  old  sea- 
cliff  above. 

Plateau 


FiuuRK  1.—D'mgramat\e  Section  of  the  east  Side  of  Cape  Chibukak,  Saint  Lawrence  Itland. 

Views  of  the  island  as  a  whole,  from  cape  Chibukuk,  and  also  from 
the  sea  to  the  westward  with  a  remarkably  clear  atmosphere,  failed  t<) 
disclose  any  distinct  volcanic  cones  or  craters,  but  as  both  Captain 
Hooper  and  Mr  Muir  speak  very  positively  of  the  existence  of  such 
cones  on  the  island,  it  is  probable  that  they  are  to  be  found  in  its  cen- 
tral or  eastern  parts.f 

The  surface  of  the  island,  so  far  as  seen,  consists  wholly  of  barren 
moorland,  with  grass  and  moss  and  often  rock.  There  are  no  trees,  and 
large  masses  of  snow  were  found  in  some  places  along  the  bases  of  the 
cjiffs  and  down  to  the  level  of  the  sea. 


Plover  Bay. 

From  Saint  Lawrence  island  we  crossed  to  the  Siberian  coast  at  Plover 
bay,  so  named  because  H.  M.  S.  Plover,  Captain  Moore,  wintered  there 

•  Report  of  the  cruise  of  the  Corwin,  18«1,  pp.  137-140. 
t  Ibid.,  pp.  33, 140. 
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in  1848-'49,  in  connection  with  the  Franklin  search.  It  is  situated  in 
latitude  64®  SCX,  and  indents  the  southern  part  of  the  promontory  sepa- 
rating Anadir  bay  from  Bering  strait.  The  weather  was  such  as  to  give 
us  while  approaching  it  a  good  view  of  a  long  stretch  of  this  part  of  the 
Siberian  coast.  The  outlines  of  this  coast  are  everywhere  bold  and 
mountainous,  though  none  of  the  highest  points  in  sight  probably  ex- 
ceed 4,000  feet  in  elevation.  It  is  entirely  bare  and  treeless,  brownish 
or  gray,  showing  only  here  and  there  in  the  valleys  the  green  color  of 
herbage. 

Fiord-like  inlets,  and  narrow  straits  of  the  same  nature,  characterize 
this  part  of  the  coast,  but  they  are  on  a  small  scale  as  compared  with 
those  of  British  Columbia  and  southeastern  Alaska.  Soundings  given 
on  the  charts  show  that  the  water  in  these  inlets  and  channels  is  deeper 
than  that  about  their  mouths,  but  the  greatest  depth  actually  recorded 
appears  to  be  about  50  fathoms.* 

Plover  bay  is  one  of  these  small  fiords,  surrounded  by  steep,  rocky 
mountains,  notably  covered  everywhere  on  their  slopes  with  talus  ma- 
terial, consisting  of  broken  angular  rock,  through  which  spires  and  crags 
of  solid  rock  often  project,  especially  on  the  sides  facing  the  sea.  Gen- 
erally speaking,  the  mountains  show  ordinary  denudation  forms,  with 
wide  buttress-like  projections  and  intervening  steep  valleys  and  ravines ; 
the  shapes  assumed  resembling  those  commonly  met  with  where  the 
rocks  are  so  much  shattered  and  jointed  as  to  crumble  away  under  the 
weather  with  almost  equal  facility  in  any  direction.  The  ranges  end 
along  the  coast  in  capes  terminated  by  seacliffs.  On  the  whole,  the 
most  peculiar  feature  is  the  great  abundance  of  loose  angular,  material. 
It  is  doubtful  to  what  extent  this  may  be  directly  referred  to  rapid  dis- 
integration due  to  the  subarctic  climate  of  the  climate,  or  in  how  far  it 
may  be  accepted  as  evidence  of  prolonged  weathering  uninterrupted  by 
glaciating  agents. 

From  cape  Tchalpin  (Indian  point)  to  cape  Nismenni,  and  thence  as 
far  as  cape  Tchukotski,  the  rocks  as  seen  from  the  sea  are  generally  gray 
in  color  and  are  in  all  probability  granitic.  Between  the  range  ending 
seaward  at  cape  Tchukotski  and  the  valley  containing  lake  Moore  of  the 
chart  is  a  smaller  range  composed  near  the  sea  of  similar  gray  rocks,  but 
about  two  miles  inland  assuming  brownish  and  reddish  colors.  Brownish 
and  reddish  weathering  rocks  also  compose  most  of  the  next  range, 
which  separates  lake  Moore  from  Plover  bay  and  includes  mount 
Slavianka.  •From  what  was  afterward  seen  in  Plover  bay,  this  differ- 
ence of  coloration  may  not  indicate  any  essential  change  in  composition. 

*  Dftll,  howerer,  tpeaks  of  a  depth  of  over  100  fathoms  having  been  obtained  in  the  center  of 
PloTer  hmf.    Alaska  and  ito  Resourcea,  pp.  465, 612. 

XIX—BuLL.  OiOL.  Soc.  Am.,  Vol.  5. 1893. 


142         Q.  M.  DAWSON— COASTS   OF   BERING   SEA    AND    VICINITY. 

Bold  Head,  which  forms  the  seaward  end  of  the  range  last  referred  to. 
shows  in  its  cliffs  several  well  marked  intrusive  dikes,  weathering  yel- 
lowish aiid  blackish. 

The  whole  west  side  of  Plover  bay,  as  well  as  the  outer  coast  beyond 
it  for  several  miles,  consists  of  gray  rocks  which  are  likewise  probably 
granitic. 

The  only  locality  in  which  the  rocks  were  actually  examined  in  this 
region,  in  the  short  time  available,  was  the  east  side  of  Plover  bay  between 
port  Providence  and  Emma  harbor.  They  are  here,  in  the  main,  rather 
coarse  grained,  gray  biotite-granite,  much  like  that  of  the  west  end  of 
Saint  Lawrence  island,  but  in  places  passing  into  a  hornblendic  granite. 
There  is  also,  however,  a  considerable  proportion  of  gray  and  reddish 
porphyritic  rock,  resembling  a  mica-syenite  or  minette,  which  is  prob- 
ably later  in  date  than  the  granite  and  intrusive  in  it.  No  strictly 
volcanic  rocks  of  any  kind  were  seen  in  this  vicinity,  nor  were  any  strati- 
fied rocks  observed. 

The  general  description  of  this  part  of  the  Siberian  coast  above  given 
will  show  that  superficial  earthy  deposits  are  not  abundant,  but  there 
are  in  the  vicinity  of  Plover  bay  some  deposits  of  this  kind  which 
attracted  special  attention. 

The  point  on  the  outer  coast  immediately  east  of  the  valley  of  lake 
Moore,  terminates  in  an  apron-like  flat  of  land  which  breaks  off  seaward 
in  a  low  cliff,  apparently  formed  of  hard  clay,  weathering  to  a  fawn- 
color  and  thickly  studded  with  large  bowlders  which  lie  more  or  less 
definitely  in  regular  lines,  giving  a  stratified  appearance  to  the  whole. 
Material  pf  the  same  kind  is  preserved  in  the  angle  of  the  next  bay 
nearest  to  Bold  Head.  It  was  also  seen  from  a  distance  to  form  the 
coast  along  the  bottom  of  the  bay  into  which  Reindeer  river  flows,  on 
the  opposite  side  of  the  entrance  of  Plover  bay,  and  again  occurs  in  two 
places  on  Emma  harbor  on  the  west  side,  a  little  within  the  entrance  to 
the  harbor  and  at  its  southern  bay. 

The  last  named  locality  was  the  only  one  actually  examined  on  the 
ground.  The  deposit  is  here  bluish  gray  where  freshly  exposed,  and  is 
a  rather  hard  clay  with  a  considerable  proportion  of  coarse  sand  and 
gravel,  containing  many  bowlders  of  somewhat  varied  lithologif* 
character.  These  are  subangular  in  form,  but  none  were  found  which 
actually  showed  glacial  scratching,  neither  were  any  shells  found  in  the 
mass.  The  deposit,  nevertheless,  undoubtedly  represents  a  species  of 
bowlder-clay.  It  does  not  anywhere  take  the  form  of  definite  terraces, 
})ut  as  it  is  nowhere  seen,  or  at  least  not  in  any  considerable  mass,  at  a 
greater  height  than  about  200  feet  above  the  sea,  while  it  is  occasionally 
rather  wide  spread  below  this  level,  it  may  be  assumed  as  a  whole  to 
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represent  an  approximate  terrace-level,  having  relation  to  a  former  de- 
pression of  the  land  of  about  the  amount  stated.  * 

In  Plover  bay,  on  August  16,  large  masses  of  snow  occupied  many  of 
the  hollows,  sometimes  quite  down  tq  the  edge  of  the  sea.  Portions  of 
these  accumulations  undoubtedly  last  throughout  the  summer.  No 
glaciated  rock  surfaces  were  actually  observed,  but  this  negative  evidence 
is  here  of  small  value,  as  it  depends  upon  observations  made  in  a  very 
short  time  and  over  a  very  small  area.  Mr  Muir  speaks  of  having  found 
glaciated  rock  surfaces  in  Plover  bay,  and  pictures  it  as  having  been  at 
one  time  filled  by  a  glacier  thirty  miles  in  length  and  from  2,000  to  3,000 
feet  in  thickness.* 

General  Remarks. 

Bering  sea  is  a  dependency  of  the  north  Pacific,  marked  off  from  it 
by  a  bordering  chain  of  islands  like  those  which  outline  Okhotsk 
sea  and  the  sea  of  Japan.  It  differs  from  these  two  seas  by  reason  of 
its  connection  to  the  north  with  the  Arctic  ocean,  and  in  the  fact  that 
while  the  whole  eastern  part  of  its  extent  is  comparatively  shallow,  the 
profounder  depths  of  the  north  Pacific  (in  continuation  of  the  Tuscarora 
deep)  are  continued  into  its  western  part.  The  Aleutian  islands,  regarded 
as  a  line  of  demarkation  between  the  main  ocean  and  Bering  sea,  are 
analogous  to  the  Kurile  islands  with  Kamchatka,  and  to  the  islands  of 
Japan.  As  to  the  Commander  islands,  though  these  appear  to  lie  in  the 
continuation  of  the  arc  formed  by  the  Aleutians,  they  are  separated  by 
a  wide  and,  so  far  as  known,  very  deep  stretch  of  ocean  from  the  last  of 
these  islands,  and  it  is  wholly  probable  that  they  may  represent  an 
altogether  independent  local  elevation  analogous  to  that  to  which  Saint 
Matthew  and  its  adjacent  islands  are  due. 

The  western  part  of  Bering  sea  has  as  yet  been  very  imperfectly  ex- 
plored with  the  deep-sea  lead,  but  the  following  general  facts  may  be 
gathered  from  the  existing  charts:  The  entire  chain  of  the  Aleutian 
islands  is  bordered  at  no  great  distance  to  the  south  by  abyssal  depths 
of  the  Pacific.  The  whole  western  portion  of  the  chain  likewise  slopes 
rapidly  down  on  the  northern  side  into  very  deep  water,  exceeding  1,000 
fathoms  as  far  to  the  eastward  as  Unimak  island ;  but  from  the  vicinity 
of  Unimak  pass  (longitude  165®  west)  the  depths  to  the  north  of  the  isl- 
ands are  consistently  less  than  100  fathoms.  Beginning  near  the  Unimak 
pass,  the  edge  of  the  hundred-fathom  bank  runs  northwestward,  passing 
to  the  west  of  the  Pribilofs  and  Saint  Matthew  island  and  meeting  the 
Asiatic  coast  in  the  vicinity  of  cape  Navarin,  in  about  north  latitude  60°. 
Thus  all  parts  of  Bering  sea  to  the  north  and  east  of  this  line,  together 

•  Report  of  the  Cruise  of  the  Corwin,  1881.  p.  143. 
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with  Bering  straits  and  much  of  the  Arctic  ocean  beyond,  must  be  con- 
sidered physiographically  as  belonging  to  the  continental  plateau  r^on 
and  as  distinct  from  that  of  the  ocean  basin  proper,  and  there  is  every 
reason  to  suppose  that  it  has  in  later  geologic  times  more  than  once  and 
perhaps  during  prolonged  periods  existed  as  a  wide  terrestrial  plain 
connecting  North  America  with  Asia. 

In  all  probability  tliis  portion  of  the  continental  plateau  is  a  feature 
much  more  ancient  than  the  mountain  range  of  which  the  outstanding 
parts  now  form  the  Aleutian  islands.  This  range,  though  to  some  ex- 
tent due  to  uplift,  as  for  instance  in  the  case  of  Attn  island,  is  chiefly 
built  up  of  volcanic  materials.  Its  eastern  part,  in  the  Alaskan  i)enin- 
sula  and  as  far  as  the  Unimak  pass,  must  be  regarded  as  having  been 
built  upon  the  edge  of  the  old.  continental  plateau.  Its  western  part, 
though  certainly  the  continuation  of  the  same  line  of  vulcanism,  runs 
off  the  edge  of  the  plateau  and  rises  directly  from  the  ocean-bed. 

The  available  evidence  goes  to  show  that  the  submarine  plateau  of  the 
eastern  part  of  Bering  sea,  together  with  much  of  the  flat  land  of  western 
Alaska,  was  covered  by  a  shallow  sea  during  at  least  the  later  part  of 
the  Miocene  period,  while  the  most  recent  period  at  which  this  plateau 
stood  out  as  land  is  probably  that  at  which,  according  to  facts  previously 
noted,  the  mammoth  reached  the  Pribilof  islands  and  Unalaska  island 
across  it. 

As  to  the  date  of  the  formation  of  the  Aleutian  chain,  Dall  inclines  to 
the  belief  that  it  marks  a  line  of  weakness  or  faulting  which  has  been  in 
course  of  development  since  early  Mesozoic  times.*  This  may  be  the 
case,  but  I  have  found  nothing  on  record  nor  have  I  myself  met  with 
any  facts  which  appear  to  require  so  early  a  date  of  origin.  The  associ- 
ation of  the  volcanic  materials  of  the  islands  in  some  cases  with  Miocene 
marine  fossils  and  with  plant-remains,  noted  by  Dall,  shows  that  early 
in  that  period,  or  possibly  before  it,  the  islands  existed  in  some  form,  for 
the  organic  remains  are  those  of  shores  and  shallow  water,  not  of  the 
deep  sea.  The  existence  of  very  ancient  volcanic  products  forming  well 
bedded  rocks  on  Attn  island,  and  perhaps  elsewhere  in  its  vicinity,  does 
not  appear  to  have  any  necessary  connection  with  the  date  of  the  vul- 
canism to  which  the  islands  as  a  whole  are  referable,  for  such  rocks  are 
very  common  in  formations  of  many  periods  on  both  sides  of  the  Pacific, 
and  may  be  due  to  volcanic  action  along  lines  entirely  distinct  from  that 
now  occupied  by  the  Aleutians  and  long  since  extinct.  We  may  there- 
fore, I  believe,  assume  that  the  building  of  the  Aleutian  islands  began 
in  the  later  Eocene  or  earlier  Miocene,  that  it  was  continued  with  vigor 
throughout  the  Miocene,  and  in  an  intermittent  and  declining  way  has 
survived  up  to  the  present  time. 

•  Op.  cit,  p.  242. 
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The  evident  marks  of  prolonged  subaerial  denudation  which  exist  on 
all  the  islands  of  this  chain  which  I  have  seen,  appear  further  to  show 
that  it  has  been  long  exposed  to  such  action  since  the  main  period  of 
its  formation ;  that  as  a  rule  it  has  stood  unsubmerged  since  the  Miocene, 
and  that  though  it  may  at  some  period  haVe  been  more  elevated,  it  has 
either  not  been  more  deeply  submerged  than  it  is  at  present,  as,  if  so,  that 
such  submergence  has  endured  for  a  comparatively  very  brief  period. 

Saint  Matthew  and  its  adjacent  islands,  with  the  Commander  islands, 
appear  to  have  much  the  same  history  with  the  Aleutians,  and  may 
very  well  have  been  coeval  with  them  in  origin.  The  later  eruptions,  to 
which  the  Pribilof  islands  and  Nunivak  island  are  due,  have  doubtless 
also  left  their  traces  in  the  Aleutian  chain,  while  the  volcanoes  of  Kam- 
chatka may  have  originated  at  this  later  period  and  have  continued 
their  activity  with  little  relaxation  to  the  present  time. 

The  planes  of  marine  denudation,  noted  particularly  at  Saint  Law- 
rence island  and  at  cape  Japounski,  on  or  near  the  western  border  of 
Bering  sea,  seem  to  require  prolonged  stability  at  a  level  some  hundreds 
of  feet  lower  than  the  present  in  that  part  of  the  region,  and  the  fact 
that  this  plane  appears  to  be  capped  by  volcanic  rocks  at  Saint  Law- 
rence island  (particularly  if  no  evidence  of  existing  volcanoes  is  found 
there),  makes  the  date  of  this  submergence  somewhat  remote.  It  may 
be  conjectured  that  it  corresponds  with  the  general  submergence  of  the 
later  Miocene.  That  the  amount  of  such  submergence  should  vary  in 
different  localities  is  quite  in  accord  with  what  might  be  expected,  per- 
haps, in  any  region,  certainly  in  one  in  which  volcanic  forces  of  a  local 
kind  have  to  be  allowed  for. 

The  difference  of  climate  which  would  result  in  the  northwestern  part 
of  North  America  from  the  closing  of  Bering  strait  and  the  addition  of 
the  shallow  eastern  part  of  Bering  sea  to  the  continental  land  may  not 
have  been  very  great,  inasmuch  as  the  strait  is  even  now  a  shallow  one 
and  no  very  great  volume  of  abnonnally  cold  or  warm  water  flows 
through  it  in  either  direction.  The  effect  would  be  to  slightly  lower  the 
temperature  and  decrease  the  precipitation  on  the  adjacent  lands.  Evi- 
dence has,  however,  recently  been  obtained  of  a  much  more  important 
factor  in  regard  to  late  changes  of  climate  in  this  region,  in  the  observa- 
tions of  Mr  I.  C.  Russell,  which  show  that  the  great  mountain  range  of 
the  Saint  Elias  alps  must  have  been  entirely  formed  in  Pliocene  or  post- 
Pliocene  times.*  The  crumpling  and  upheaval  of  the  beds  which  now 
form  this  range  must  have  relieved  a  notable  and  accumulating  tangen- 
tial pressure  of  the  earth's  crust,  the  result  of  which  it  is  yet  difficult  to 
trace ;  but  that  it  must  have  brought  about  extensive  changes  of  level 

'Mational  Geographic  Magasine,  WashingtoD,  p.  174.    Bull.  U.  S.  Geol.  Surv.,  no.  84,  p.  269. 
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throughout  the  region  over  which  this  pressure  was  exerted  seems  cer- 
tain, and  I  am  inclined  to  suppose  that  it  may  have  had  much  to  do 
with  the  great  later  Pliocene  uplift  and  subsequent  depression  to  which 
the  British  Columbian  region  appears  to  have  been  subjected  * 

One  of  the  most  remarkable  features  connected  with  the  Bering  sea 
region  is  the  entire  absence  of  any  traces  of  a  general  glaciation.  State- 
ments to  the  effect  that  Alaska,  as  a  whole,  showed  no  such  traces  were 
early  made  by  Dall  f  and  concurred  in  by  Whitney.  The  result  of  my 
later  investigations  in  British  Columbia  and  along  the  adjacent  coasts 
have  been  to  show  that  such  original  statements  were  altogeUier  too  wide; 
that  a  great  Cordilleran  glacier  did  exist  in  the  western  part  of  the  con- 
tinent, but  that  it  formed  no  part  of  any  hypothetical  polar  ice-cap,  and 
that  large  portions  of  northwest  America  lay  beyond  its  borders-t 

Statements  made  by  Mr  John  Muir,  in  which  he  not  only  attributed 
every  physical  feature  noted  by  him  in  Bering  sea  to  the  action  of  glacia- 
tion, but  even  expressed  the  opinion  that  Bering  sea  and  strait  repre- 
sented a  hollow  produced  by  glaciation,  §  remain  altogether  unsupported. 
It  might  be  unnecessary  even  to  refer  to  them  but  for  the  fact  that  they 
relate  to  a  region  for  which  the  data  on  this  subject  from  other  sources 
are  so  small.  No  traces  have  been  found  of  general  glaciation  by  land 
ice  in  the  region  surrounding  Bering  sea,  while  the  absence  of  erratics 
above  the  actual  sealine  show  that  it  was  never  submerged  for  any  length 
of  time  below  ice-encumbered  waters. 

These  facts,  moreover,  connect  themselves  with  similar  ones  relating  to 
the  northern  parts  of  Siberia  in  a  manner  which  will  be  at  once  obvious 
to  any  student  of  the  glacial  period. 

Respecting  the  latest  changes  in  elevation  of  the  land,  it  may  be  stated 
that  in  several  widely  separated  places  there  is  evidence  of  a  recent  slight 
general  uplift.  This  was  noted  at  Unalaska,  Attn,  Bering  island,  Saint 
Paul  island  and  Saint  Matthew  island,  but  the  amount  of  elevation  indi- 
cated is  small,  being  in  fact  from  10  to  30  feet  only. 

•Trans.  Royal  Soc.  Canada,  vol.  vii,  8ec.  iv,  p.  64. 

t  Alaska  Coast  Pilot.  1869,  pp.  195, 196;  Alaska  and  its  Resources,  pp.  460,  461. 
t  Quart  Journ.  Geol.  Soc,  vol.  xxxiv,  p.  119;  vol.  xxxvii,  p.  283;  Report  of  Progress,  Geol  SufT. 
Can.,  1877-78,  pp.  136  B,  151  B ;  Trans.  Royal  Soc.  Canada,  vol.  vii,  sec.  iv,  plate  ii,  map  4. 
'i  Report  of  the  Cruise  of  the  Corwin,  1881,  p.  147. 
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Introduction. 

The  most  complete  series  of  Neozoic  rocks  in  continuous  succession 
which  has  yet  been  observed  on  the  Gulf  coast  is  that  which  is  exhibited 
in  the  natural  sections  exposed  in  the  bluffs  of  the  Flint  and  Apalachi- 
cola  rivers,  in  southwestern  Georgia  and  western  Florida.  For  this 
reason  the  series  has  been  adopted  in  various  publications  *  as  a  standanl 
by  which  to  correlate  the  different  Neocene  beds  of  this  general  region. 
The  longest  continuous  series  of  beds  in  one  section  is  exposed  at  Alum 
bluff,  in  township  8,  range  1  north,  section  24,  Liberty  county,  Florida. 
Attention  was  first  called  to  this  series  by  Mr  D.  W.  Langdon  in  18S9.T 
from  observations  made  two  years  earlier.  At  the  suggestion  of  Mr  T.  H. 
Aldrich,  who  had  identified  Langdon's  fossils,  and,  in  cooperation  with 
him,  Mr  Frank  Burns,  of  the  United  States  Geological  Survey,  was  sent 
to  Alum  bluff  in  1890,  and  a  collection  and  section  made  by  him  were 
sent  in.  This  section,  in  which  the  heights  were  determined  with  a 
pocket  aneroid  by  Mr  L.  C.  Johnson,  who  visited  the  bluff  when  Mr 
Burns  was  at  work,  was  printed  on  page  113  of  Bulletin  84,  already 
referred  to.  In  December,  1891,  under  the  instructions  of  Mr  George  H. 
Eldridge,  Alum  bluff  was  visited  by  a  party,  including  Messrs  L.  C. 
Johnson  and  Edmund  Jussen,  from  whom  separate  reports  and  sections 
are  on  file  in  the  archives  of  the  United  States  Geological  Survey. 
Subsequently  Dr  J.  \V.  Spencer  with  a*  party,' and  Professor  Raphael 
Pumpelly,  assisted  by  Mr  A.  F.  Foerste,  examined  this  locality.  A  val- 
uable paper  by  the  latter  gentleman  has  recently  appeared^  and  Professor 
Pumpelly  has  published§  additional  data  establishing  an  unconformity 
at  the  base  of  the  Neocene  in  this  series. 

In  the  above  enumeration  only  those  visitors  through  whom  informa- 
tion about  Alum  bluff  has  reached  the  writers  of  this  paper  are  referred 
to,  though  several  other  observers  are  believed  to  have  visited  the  locality. 

The  importance  of  the  Apalachicola  section  for  southern  geology  is 
manifest,  and  the  fact  that  there  were  serious  discrepancies  between  the 
various  accounts  of  it  hitherto  accessible,  not  only  concerning  the  suc- 
cession of  the  beds  and  their  exact  nature,  but  even  in  regard  to  so 
simple  a  matter  as  the  height  of  the  bluff,  decided  the  writers  of  thi.*' 
paper,  with  the  approval  of  the  Director  of  the  United  States  Geological 
Survey,  to  reexamine  the  subject  on  the  spot.     Previous  observations 

•  Bulletin  84  (Neoceae),  U.  S.  Geological  Survey,  1891.    Transactions  Wagner   Free  Inst.  Sci. 
vol.  3, 1890-'92,  etc. 
t  Am.  Jour.  Sci.,  third  aeries,  vol.  :)8,  p.  324. 

t  Studies  on  the  Chipola  Miocene,  Am.  Jour.  Sci.,  vol.  46,  October,  1893,  pp.  244--64. 
I  Am.  Jour.  Sci.,  vol.  46,  December,  1803,  pp.  445-447. 
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placed  the  total  thickness  of  the  strata  above  water  at  Alum  bluif,  at  low 
stages  of  the  river,  at  63  feet,  others  at  125  feet.  The  earlier  observers 
regarded  the  clay  above  the  Chesapeake  marl  as  lignitic,  which  led  to 
its  correlation  with  other  lignitic  beds  to  which  attention  has  been 


FiousK  l.~Jfap  o/  PortionM  of  southwetUm  Georgia  and  central  iceatern  Florida. 

tlirected.  Mr  Foerste,  however,  pointed  out  that  the  principal  source 
f>f  the  phytogenc  remains  of  this  locality  is  in  the  Alum  bluff  sands. 
The  pecteniferous  marl  of  Rock  bluff  had  been  referred  to  the  newer  or 
Chesapeake  Miocene,  and  its  most  prominent  fossil  wrongly  identified. 
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Its  correlation  with  the  proper  horizon  in  the  Alum  bluff  section  was 
necessary  to  a  right  understanding  of  the  geology  over  a  considerable 
area.  Finally,  the  sections  hitherto  made  had  not  been  precisely  located 
or  exactly  measured,  part  of  the  discrepancies  alluded  to  doubtless 
arising  from  examination  of  the  beds  at  different  instead  of  identical 
points. 

The  season  chosen  for  our  work  was  that  of  the  river's  lowest  stage, 
which,  owing  to  drouth,  was,  as  we  were  assured  by  old  lumbermen, 
within  two  or  three  feet  of  the  lowest  water  known  to  them. 

It  should  be  noted  in  passing  that  the  identification  of  the  various 
bluffs  and  landings  is  not  easy  unless  one  has  an  experienced  river- 
man  as  guide,  and  in  view  of  the  fact  that  the  maps  are  often  incorrect, 
that  changes  in  the  location  of  landings  and  even  of  towns  are  made 
with  great  facility,  and  that  places  formerly  occupied  are  now  deserted, 
it  is  not  surprising  that  travelers  are  misled  as  to  local  nomenclature. 

Area  studied. 

In  making  the  investigations  upon  which  this  paper  is  based,  the  fol- 
lowing plan  *  was  adopted :  We  proceeded  by  rail  via  Atlanta,  Macon 
and  Thomasville  to  Bainbridge,  the  head  of  navigation  on  the  Flint 
river,  Decatur  county,  Georgia.  There  we  procured  two  rowboats  and 
floated  down  the  Flint  river  to  its  junction  with  the  Apalachicola  at  the 
Florida  boundary,  and  thence  down  the  latter  river  to  Blountstown,  Cal- 
houn county,  Florida,  below  which  the  low  swamps  of  the  coastal  plain 
begin.  This  plan  made  it  possible  to  camp  at  localities  where  investiora- 
tions  were  to  be  made,  and  also  to  make  such  excursions  inland  from 
the  river  as  were  deemed  desirable.  The  points  visited  are  enumerated 
in  the  detailed  statements  presented  later. 

Descending  the  Flint  river,  the  rocks,  which  belong  to  the  Vicksburg 
series  of  the  Eocene,  characteristically  distinguished  by  the  presence  of 
Orbitoides  mantelli  and  Pecten  pouhoni  and  perplamis,  appear  above  the 
water  at  intervals  only,  and  are  separated  by  low  areas  where  the  red 
beds  and  alluvial  mud  alone  rise  above  the  river.  The  higher  land  ex- 
hibits the  character  of  gentle,  anticlinal  folds  through  which  the  river 
cuts  its  way,  forming  bluffs  which  afford  in  most  cases  very  good  natural 
sections.  The  land  at  the  river  is  usually  somewhat  lower  than  can  be 
found  a  few  miles  away  on  either  side,  even  at  the  bluffs,  but  owing  to 
the  thick  mantle  of  gravel  and  rather  dense  undergrowth  these  more 
distant  hills  afford  no  convenient  exposures.    The  number  of  parallel 

•  For  most  valuable  saggestions  and  assistance  we  are  especially  indebted  to  Professor  R.  Pum- 
pelly,  Major  T.  B.  Brooks,  Profesxor  E.  A.  Smith,  State  Geologist  of  Alabama;  Mr  Dubois  and  Mr 
B.  A.  Lytle  of  Bainbridge,  Georgia :  Mr  Frank  Burns  and  Mr  Wood  of  Blount*town,  Florida, 
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folds  between  Wileys  landing  and  the  edge  of  the  coast  swamps  appeared 
to  be  not  more  than  five  or  six,  and  as  nearly  as  could  be  judged  the 
folds  are  successively  higher,  culminating  at  Alum  bluff,  which  reaches 
161  feet  above  low  water  by  careful  measurement.  Part  of  this  difference 
in  height  may  be  due  to  the  slope  of  the  channel  of  the  river  seaward, 
but  it  is  probable  that  a  moderate  increase  in  absolute  height  does  take 
place.  The  bluffs  along  the  river  furnished  convenient  sites  for  Indian 
villages,  and  shards  of  pottery,  arrow-heads,  flint  chips,  excavations  and 
other  evidences  of  occupation  are  readily  found. 

Localities  in  Detail. 

Bainbridge. — Professor  Pumpelly  *  has  recently  described  the  remnants 
of  the  Chattahoochee  and  Chipola  beds  which  are  found  in  various  places 
about  Bainbridge  superposed  upon  the  Vicksburg  Eocene  rocks,  from 
which  they  are  separated  by  an  unconformity.    These  Miocene  remnants 
represent  what  is  left  after  solution  by  water  and  carbon  dioxide  has 
removed  the  greater  portion,  estimated  by  Professor  Pumpelly  as  having 
reached  in  some  places  a  thickness  of  200  feet.     Only  the  silicified  frag- 
ments of  rock  and  molds  or  siliceous  pseudomorphs  of  the  fossils  now 
remain.    Over  and  partly  including  them  is  an  extensive  series  of  reddish 
clays,  sands  and  gravels,  which  of  late  have  been  referred  to  the  Lafayette 
formation  of  Hilgard  and  McGee,  covered  by  yellowish  gray  incoherent 
superficial  sands  (Columbian?)  and  a  thin  coating  of  humus.     Else- 
where in  this  paper  (page  169)  reasons  are  given  for  the  belief  advanced 
by  Professor  Pumpelly  that  the  red  beds  are  of  a  composite  nature,  and 
to  a  greater  or  less  extent,  depending  upon  locality,  are  made  up  of 
residual  material  in  its  original  location  or  but  slightly  transported  by 
aqueous  action.    The  remnants  of  small  quartz  dikes  broken  up  into 
fragments  but  still  retaining  a  nearly  vertical  position  and  of  thin  broken 
siliceous  sheets  hardly  moved  from  their  horizontality  in  the  gravels 
seem  to  establish  this  fact  beyond  controversy.     Elsewhere  and  espe- 
ally  on  the  upper  surface  of  the  red  beds,  worn  and  rounded  material 
testifies  to  a  rearrangement  and  more  or  less  transportation  of  part  of 
the  original  material.     As  further  seaward  similar  material  covers  beds 
later  than  the  newer  Miocene,  it  is  probable  that  this  part  of  the  red  beds 
of  this  region  is  of  not  earlier  than  Pliocene  age. 

Bliu  Springs, — At  Blue  springs,  Flint  river,  Georgia,  about  four  miles 
below  Bainbridge,  limestones  with  Vicksburg  fossils  are  the  prevalent 
rock,  but  above  them  Professor  Pumpelly  obtained  fragments  of  highly 
Hilicified  rock  containing  casts  of  Orthaulax  and  Amauropsis  burnsii,  be- 

♦  Am.  Jour.  Sci.,  vol.  46,  December,  1893,  pp.  446-447. 
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longing  to  the  Chattahoochee  formation.  This  locality  was  not  visited 
by  us. 

Wileys  Landing. — At  a  place  on  the  left  bank  of  the  Flint  river  a  few 
miles  above  the  Florida  boundary  line,  known  as  Wileys  landing,  Pro- 
fessor Pumpelly  states  that  the  contact  between  the  Vicksburg  and 
undisturbed  Chattahoochee  Miocene  may  be  observed.  Unfortunately 
this  interesting  locality  was  missed,  owing  to  a  severe  storm  of  wind 
and  rain  and  the  fact  that  our  pilot  was  not  acquainted  with  the  place 
by  that  name. 

Old  Chattahoochee  Landing  and  Sections, — The  first  stop  of  importance 
was  made  at  old  Chattahoochee  landing,  which  is  on  the  Apalachicola 
river  just  below  the  mouth  of  the  Flint  and  in  township  3  north,  range  6 
west,  section  5.  This  was  formerly  a  landing  for  river  steamers,  but  is 
now  superseded  by  the  landing  at  the  railroad  bridge  about  a  mile  below. 
A  single  house  stands  on  a  mound  near  the  river  which  formerly  afforded 
a  village  site  to  the  Creek  Indians.  From  the  old  landing  place  two 
roads  diverge,  one  toward  the  northeast,  the  other  to  the  southeast.  The 
latter  is  the  older  and  no  longer  passable  for  vehicles,  being  gullied  out 
by  water.  Both  ascend  the  bluffs  at  a  short  distance  from  the  river  and 
come  together  on  the  hills  a  short  distance  beyond.  A  roughly  levelled 
section  was  taken  on  each  of  these  roads. 

Sections  ai  Old  ChattahoocJiee  Landing. 

1.  Reddish  sand  and  gravel,  with  streaks  of  clay 20  to  40  feet. 

2.  Grayish  yellow  friable  marl,  with  hanier  layers 20 

8.  Greenish  clayey  marl,  very  adhesive 2i 

4.  Chattahoochee  limestone,  with  fossil  casts 4 

5.  Talus  to  water's  edge,  about 3 

Total  thickness 49i  to69J 

This  section  was  taken  on  the  road  running  northeast  from  the  landing. 

1.  Reddish  sands,  gravel  and  clays 15  to  20   feet, 

2.  Grayish  yellow  marl,  friable 20     " 

X  Greenish  clayey  marl,  sticky . .    2J    " 

4.  Talus  to  water's  edge,  about 3     *' 


Total  thickness 30}  to45j    ** 

Section  number  2  was  taken  on  the  road  which  runs  about  southeast 
from  the  landing.    The  exposures  are  mostly  in  the  gullies. 

The  fossil-bearing  bed  is  number  4,  and  contains,  among  other  fossils, 
echinoids,  Pecten  (Chipola  sp.),  Area  (like  tranm^ersa),  large  solitary 
coral,   Venus  penita,  Lima  (like   scabra),  Hetnicardium^   Osirea,  Loripes, 
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Sccda,  Piicatida,  Divaricdla,  Pyrazisintis,  Phorus^  all  as  poor  casts ;  fish- 
bones, and  ribs  of  some  mammal  resembling  those  of  the  manatee.  No 
orbitolites  were  seen. 

ChaiicLhaochee  Landing. — At  New  Chattahoochee  landing,  where  the 
railroad-bridge  crosses  the  river,  the  bank  is  chiefly  alluvial  mud,  with 
fragments  of  rock  from  the  Chattahoochee  limestone.  The  railway-trestle 
continue  eastward  from  the  bridge,  across  land  submerged  at  high  water, 
about  a  mile  to  a  point  known  as  River  Junction  or  Chattahoochee 
station  of  the  Savannah,  Florida  and  Western  railroad.  Here  two  roads 
divide ;  one,  the  above  mentioned,  extends  into  Georgia,  the  other  east- 
ward in  northern  Florida.  Half  a  mile  from  the  station,  on  the  first 
mentioned  road,  there  are  several  cuttings,  where,  under  the  usual  red 
beds,  5  to  10  feet  in  thickness,  the  Chattahoochee  limestone  is  exposed 
in  place.  Here  it  is  a  residual  rock,  clayey  white  and  yellowish,  with 
conchoidal  exfoliation.  The  fossils  have  mostly  been  removed  by  solu- 
tion and  their  traces  are  very  indistinct,  but  nearer  the  station  the  same 
rocks  are  visible  in  the  bottom  of  an  excavation  made  to  obtain  mate- 
rial for  an  embankment.  Here  distinct  imprints  of  fossils  occur,  and 
even  poorly  preserved  shells  in  some  places.  In  the  first  locality  the 
Chattahoochee  limestone  rises  some  5  feet  above  the  track,  covered  with 
yellow  and  ferruginous  clayey  streaked  sand,  more  clayey  at  the  top, 
over  which  is  about  3  feet  of  gray  superficial  sand  and  humus.  At  the 
second  locality  the  rocks  are  8  to  10  feet  below  the  track,  and  here  Burns 
in  1890  collected  Pyrazisinua  comutus,  Cerithium  hillsboroensiSj  Potamides 
traiiHCtay  Oonua  planiceps,  Natica  amphora,  Lucina  hillsboroensiSy  Cardita 
i^erricosta,  Venus  slaminea,  F.  canceUata,  V,  penita,  Cytherea  nuciformis,  Cyrena 
T^^ica  and  Orbitolites  floridanus.  There  were  among  the  undetermined 
apecies  Tagelus,  Solen,  an  echinoid  and  some  obscure  corals. 

Aspalaga  Bluff  and  Section, — About  five  miles  below  the  bridge,  on 
the  left  bank,  the  first  prominent  bluff  is  that  at  Aspalaga  landing. 
This  bluflF,  which  is  in  township  3  north,  range  7  west,  section ^5,  extends 
half  a  mile  along  the  river,  rising  abruptly  about  75  feet,  and  further 
back  attaining  a  height  of  perhaps  nearly  as  much  more.  The  upper 
part  of  the  bluff  is  sloping  and  much  obscured  by  talus  and  vegetation ; 
the  lower  part  is  nearly  vertical,  offering  the  thickest  single  exposure  of 
the  Chattahoochee  limestone  to  be  found  anywhere  on  the  river.  The 
beach  comprises  a  narrow  strip  of  talus,  but,  from  appearances,  at  least 
10  feet  of  limestone  exists  below  that  part  which  is  distinctly  exposed. 
The  limestone  is  composed  of  ill  defined,  nearly  horizontal  beds,  alter- 
nating harder  and  more  friable,  partly  free  from  organic  remains  and 
partly  containing  typical  Chattahoochee  fossils  rather  poorly  preserved. 
A  small  piece  of  this  limestone,  with  Orbitolites  and  other  remains,  was 
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found  by  Dr  Foerste  at  a  height  estimated  at  130  feet  above  the  water, 
but  this  was  doubtless  transported  in  some  way  from  below.  At  the 
highest  point  of  the  bluff,  where  this  limestone  showed  the  thickest 
exposure,  about  40  feet  were  visible  and  ten  feet  more  probably  con- 
cealed by  talus  and  water.  Above  it  lies  about  20  feet  of  bluish  green 
marl,  conformable  to  the  limestone,  and  much  of  which  is  unfossil- 
iferous.  In  places,  however,  there  are  layers  of  small  oyster-shells  and 
a  Pecten  which  has  somewhat  the  appearance  of  a  young  Pecten  madi- 
aonius,  and  has  been  mistaken  for  that  species.  It  is,  however,  a  Chipola 
species,  and  may  prove  new.  This  marl  was  observed  by  Mr  Jussen, 
whose  manuscript  section  we  confirmed  on  the  spot ;  it  is  what  Mr.  John- 
son has  called*  the  "Aspalaga  clays,"  assigning  it  a  thickna*^  of  60  feet ; 
but  his  section  is  evidently  too  much  generalized,  and  the  bed  did  not 
exceed  20  feet  in  thickness  at  any  point  where  we  were  able  to  observe 
it.  Mr  Johnson's  heights  were  measured  with  a  pocket  aneroid  and 
seem  excessive;  that  method  of  measurement,  without  careful  correc- 
tion and  comparison,  being  but  little  to  be  relied  upon. 

Above  the  marl  at  the  edge  of  the  bluff,  omitting  talus,  there  appeared 
to  be  about  5  feet  of  reddish  clay  and  gravel,  but  further  back  this  thick- 
ness is  very  greatly  surpassed,  and  may  reach  40  or  50  feet.  On  account 
of  the  manner  in  which  the  upper  part  of  the  hill  is  weathered  and  over- 
grown, a  large  amount  of  time  and  labor  would  have  been  required  to 
expose  and  verify  a  complete  section.  We  therefore  confined  our  work 
to  the  verification  of  the  actual  section  facing  the  river. 

It  is  to  be  mentioned  that  in  Mr  Langdon's  paper,  previously  alluded 
to,  he  gives  a  section  at  a  point  which  he  calls  "  Ocheesee,"  which  subse- 
quent observers  have  not  identified,  but  which  Mr  Johnson  suggests  may 
be  the  same  as  Aspalaga  bluff,  which  is  not  mentioned  by  Mr  Langdon. 
The  discrepancy  in  height  and  stratigraphy  forbids  us  to  accept  this 
identification;  and,  indeed,  we  did  not  observe  any  place  where  the 
strata  clearly  recalled  those  mentioned  in  Langdon's  section.  At  the 
present  Ocheesee  landing  the  bank  is  wholly  of  alluvial  material,  and  is 
on  the  opposite  side  of  the  river,  so  Mr  Langdon's  section  could  not  have 
been  made  there. 

Section  at  Aspalaga  Bluff, 

Superficial  sand,  mostly  absent  at  river 0  feet. 

Reddish  sands  and  gravel,  with  streaks  of  clay o    " 

Bluish-green  clayey  marl,  with  0/Urm  and  Pecten 20    *' 

Chattahoochee  limestone,  hard  and  soft  layers 40    ** 

Talus  to  water  (probably  Chattah(^ochee) 10    " 

Total  thickness  above  water 75    « 

•  Bull.  Geol.  Soc.  Am.,  vol,  3, 1891,  p.  129. 
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The  section  here  was  taken  at  the  highest  part  of  the  bluff  rising  from 
the  river  and  about  midway  between  the  two  ends. 

There  is  below  low-water  level  probably  10  or  12  feet  more  of  the 
Chattahoochee  limestone,  worn  vertically  or  nearly  so  by  the  action  of 
the  current. 

Ocheesee. — About  three  miles  below  Aspalaga,  on  the  opposite  side  of 
the  river  (right  bank),  is  Ocheesee  landing,  marked  by  several  buildings, 
one  of  which  was  once  a  fine  large  frame  house  built  on  piers.  The 
lower  floor  was  apparently  nearly  twenty  feet  above  the  level  of  the 
water  at  the  time  of  our  visit,  yet  we  were  told  that  skiflfs  had  been  pad- 
dled in  at  the  front  door  and  out  the  back  door,  through  the  central  hall, 
during  one  of  the  freshets.  As  the  land  is  very  level  and  not  high 
within  sight  of  the  river,  it  would  seem  as  if  an  incalculable  amount  of 
water  would  be  required  to  raise  the  level  to  the  height  mentioned. 

Rock  Blaffand  Section, — Below  Ocheesee  is  a  long  stretch  of  river  nearly 
straight,  known  as  "  Seven-mile  reach."  On  the  left  bank,  about  two 
miles  below  Ocheesee,  in  township  2  north,  range  7  west,  section  19, 
rises  Rock  bluff,  the  face  of  the  third  principal  anticline  cut  by  the  river 
below  the  Florida  line.  It  creates  a  slight  bend  and  offers  an  excellent, 
clean  section.  The  settlement  named  Rock  Bluff  is  four  or  five  miles 
inland  from  the  river-bank,  and  should  not  be  confounded  with  the 
landing. 

The  lower  part  of  the  bluff  formed  by  the  Chattahoochee  limestone 
is  vertical,  rising  twelve  feet  above  the  water,  and  presumably  nearly  as 
much  below  it,  at  low  stages  of  the  river.  Above  this  is  a  mass  of  marl 
varying  from  bluish  green  to  gray  in  color,  weathering  white,  more  are- 
naceous below  and  more  marly  above,  replete  with  oyster-shells,  a  fine, 
large  Aiiomia,  a  pecten,  like  young  madisonim  (but,  as  observed  by 
Foerste,  only  four-sevenths  the  size  of  that  species  ;  it  is  really  a  Chipola 
species) ;  a  TurriteUa  and  many  Balani,  This  assemblage  of  species  in- 
dicates a  shallow  water  oyster-reef  fauna,  unquestionably  belonging  to 
the  old  Miocene  and  forming  the  shoal-water  equivalent  of  the  Chipola 
and  Alum  bluff  beds,  especially  the  latter.  Above  this  marl  lie  the  red 
Lafayette  clays  and  gravels — in  this  case  worked-over  materials — vari- 
able in  thickness,  owing  to  denudation,  but  apparently  averaging  about 
fifteen  feet,  and  covered  with  a  thin  layer  of  superficial  soil  and  sand. 
This  section  was  carefully  measured  with  a  steel  tapeline,  due  allowance 
being  made  for  the  inclination  of  the  tape  from  the  vertical.  It  shows 
the  finest  and  thickest  section  of  the  greenish  marl  exposed  anywhere 
on  the  river.  The  contact  of  the  marl  with  the  Chattahoochee  limestone 
ia  distinct  and  without  apparent  unconformity  or  transition  beds  of  any 
kind. 

XXI— Bull.  Obol.  Soc.  Am.,  Vol.  5, 1893. 
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The  section  was  measured  on  the  highest  part  of  the  bluff,  which  is 
the  first  approached  as  the  turn  of  the  river  is  made  in  descending. 

Section  at  Rock  Bluff. 

1.  Superficial  sands,  thin  and  variable,  say 3  feet. 

2.  Reddish  clayey  sand  and  gravel,  about 15    " 

3.  Greenish  white  compact  marl,  with  fossils 67     *' 

4.  Chattahoochee  limestone,  to  water 12    *' 

Total  thickness  above  water 97    *' 


FiauBK  2.^ Sketch-map  of  Alum  Bluff. 

Alum  Bluff  and  Section. — Five  miles  below  Rock  bluff  the  reach  termi- 
nates by  a  semicircular  bend  convex  toward  the  west  and  followed  by 
another  convex  to  the  east.  The  latter  is  bordered  by  a  cliff  called  Alum 
bluff,  which  is  in  township  1  north,  range  8  west,  section  24.  It  is  hol- 
lowed out  of  the  fourth  anticlinal  fold  south  of  the  Florida  line,  extends 
for  about  half  a  mile  on  the  left  bank  of  the  river,  roughly  northwest 
and  southeast  in  trend,  lower  toward  the  north,  highest  in  its  south- 
eastern third,  and  cut  transversely  somewhat  southeast  of  its  center  by  a 
small  deep  valley  of  erosion.  The  bluff  in  a  general  way  may  be  divided 
vertically  into  two  parts,  the  lower,  forming  a  bench  about  midway, 
crowned  by  a  layer  of  acid  clay  from  which  water  issues,  leaving  a  saline 
efflorescence  on  the  face  of  the  bluff,  from  which  the  latter  derives  it^ 
name.  Standing  at  the  foot  of  the  bluff,  nothing  can  be  seen  above  this 
clay,  the  more  arenaceous  strata  above  having  weathered  back  at  a 
lower  angle,  though  still  nearly  vertical  above.  Upstream  above  the 
bluff  the  river  bank  is  a  swamp,  mostly  of  alluvial  clay ;  the  right  bank 
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i8  little  else  as  far  as  the  eye  can  reach.  Camp  was  made  at  the  north 
end  of  the  bluff.  A  section  was  most  carefully  made  at  the  highest  ex- 
l>osure,  with  steel  tape,  portable  transit  and  stadia,  a  small  baseline  and 
triangulation  being  measured  for  that  purpose ;  the  weathered  surface 
of  the  strata  shaved  clean  with  a  spade  and  photographed ;  some  of  the 
fossil  plants,  being  too  frail  to  transport,  were  photographed  in  situ  ;  a 
general  panorama  of  the  bluff  was  photographed  from  the  opposite  bank 
of  the  river,  and  some  fohsils  with  a  series  of  rocks  collected  for  analysis 
and  study.  The  large  collection  obtained  here  in  1890  by  Mr  Frank 
Burns  rendered  it  unnecessary  to  spend  much  time  in  searching  for 
fossils. 

The  section  was  taken  at  the  part  of  the  bluff  indicated  by  A-B  on 
the  sketch-map. 

Sectum  at  Alum  Bluff. 

1.  Superficial  sand^ 8j  feet. 

1.  Red  clay 2J  " 

3.  Reddish  and  yellowish  streaked  sands 66  *  * 

4.  Aluminous  clay 24  *' 

>.  Chesapeake  gray  marl 35  " 

H.  Alum  bluff  sands  with  streaks  of  clay 21^  ** 

7.  Hard  Chipola  marl  to  water  (variable) 3J  *' 

Total  thickness  above  water 160}     " 

The  composition  in  detail  of  these  several  beds  is  as  follows : 

Number  1. — Pale  yellowish  gray  incoherent  sand. 

Number  2. — Hard  reddish  clay  weathering  with  vertical  face. 

Number  3. — Streaky  yellowish  and  reddish  sands  with  small  little- 
worn  gravel,  of  siliceous  character,  mixed  with  it.  Near  the  lower  third 
a  few  obscure  impressions,  possibly  representing  fossils,  were  observed 
by  Mr  Stanley-Brown.  The  lower  3  feet  of  the  sands  is  more  or  less 
loamy  from  admixture  with  underlying  clay.  They  are  distinctly  strati- 
fied in  conformity  with  the  other  beds  of  the  bluff. 

Number  4. — Tough  gray  aluminous  clay  weathering  nearly  vertical 
with  a  very  few  fragments  of  vegetable  matter  in  it.  and  some  obscure 
indications  of  gastropod  and  bivalve  fossils,  the  shells  entirely  dissolved 
and  represented  chiefly  by  color-marks  in  the  clay.  The  appellation  of 
"Ugnitic,"  heretofore  applied  to  this  clay  on  the  authority  of  Mr  John- 
son, cannot  be  regarded  as  justified,  as  the  amount  of  phytogene  ma- 
terial is  trifling.  The  fossils  may  have  been  marine  or  fresh  water.  No 
satisfactory  evidence  is  afforded  by  their  faint  traces,  as  observed  by  us. 

Number  5. — Bluish  gray  tough  clayey  marl  replete  with  characteristic 
Chesapeake  fossils,  especially  Mactra  congests.  The  upper  six  inches  is 
discolored  by  iron  oxide,  derived  from  the  water  oozing  from  the  bed 
above,  which  has  alao  dissolved  the  shells,  leaving  only  cavities.    Toward 
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the  north,  at  a  point  (0  of  figure  2)  near  the  camp,  the  Chesapeake  is 
thinned  to  5  or  6  feet  in  thickness. 

Numbers  6  and  7. — The  Chipola  marl  is  compact  and  of  a  dark- 
reddish  color  from  hydrated  peroxide  of  iron  contained  in  it.  The 
fossils  which  are  abundant  are  rather  soft.  Orthiitdax  is  the  most  com- 
mon shell ;  there  are  no  traces  of  Orbitolites.  The  matrix  is  chiefly  sand 
mixed  with  clay.  At  least  6  or  8  feet  of  the  Chipola  is  below  the  water; 
it  rises  at  the  lowest  stage  of  the  river  from  3  to  11  feet  above  the  waters 
edge,  weathering  almost  like  a  rock.  There  is  no  well  defined  line  of 
separation  between  the  marl  and  the  Alum  Bluff  sands  (number  6) 
above  it,  but  the  change  takes  place  in  a  space  of  5  feet,  the  lower  por- 
tion of  the  sands  containing  more  or  less  of  the  Chipola  fauna.  Above 
this  they  are  mottled  bright  ferruginous  and  yellow,  and  exhibit  distinct 
marks  of  cross  bedding.  They  contain  sheets — lamime  or  lenticular 
streaks  of  clay — which  show  abundant  leaf  remains  resembling  willow? 
and  other  M'ater-loving  plants,  while  the  sands  in  the  lower  part  of  the 
bed  contain  large  leaves  and  stalks  of  palmetto  or  other  palm-like  vege- 
tation, the  thicker  parts  of  which  are  reduced  to  the  condition  of  lignite. 
These  are  too  friable  to  remove  without  previous  hardening  applied  in 
situ.  The  upper  part  of  these  sands  did  not  show  any  fossil  remains  at 
the  points  where  we  examined  them. 

Toward  the  north  (Cof  figure  2),  where  the  bluff  is  much  lower  and 
the  Chesapeake  thinned  out  to  5  or  6  feet  in  thickness,  the  sands  below 
it  are  unfossiliferous  and  modified.  The  upper  part  is  more  exclusively 
sandy,  and,  lower  down,  the  bed  assumes  the  clayey  compact  greenish 
color  of  the  oyster  marl  at  Rock  bluff,  a  few  hiiles  above,  but  here  the 
green  marl  contained  no  fossils. 

Jacksons  Bluff  and  Section. — In  this  connection,  as  confirming  the  iden- 
tity of  age  and  position  of  the  greenish  marl,  a  section  taken  by  Mr  E. 
Jussen,  of  the  United  States  Geological  Survey,  may  be  cited.  This  sec- 
tion was  made  at  Jacksons  bluff,  situated  in  township  1  south,  range  4 
west,  section  17,  on  the  Ochlockonee  river,  Florida,  being  about  twenty- 
one  miles  east  and  six  miles  south  of  Alum  bluff. 

Section  at  Jarksonn  Bluff. 

Superficial  b&iuU 5  feet. 

Chesapeake  bluish  marl,  with  Macira  congeMa 8    '' 

Gray  marly  bed,  with  oysters  and  Pecten 22    *' 

Total  thickne«8 .35    " 

Bristol — From  Alum  bluff  we  descended  the  river  to  Bristol  and 
Blountstown,  the  former  a  landing  on  the  left  bank  in  township  1  north, 
range  8  west,  section  86,  with  the  village  of  the  same  name  about  a  mile 
inland  from  the  river  bank.    At  the  landing  alluvium  and  clayey  beds 
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alone  rise  above  the  water.  Between  the  landing  and  Blountstown, 
three  miles  westward,  there  is  a  shoal  in  the  river,  popularly  reported 
to  be  rocky,  but  too  much  covered  to  be  examined  without  a  dredge. 

Bhunistovm, — Blountstown,  named  from  the  village  of  an  ancient  chief 
called  Blount  by  the  whites,  is  in  township  1  south,  range  8  west,  section 
3,  on  the  right  bank  of  the  river.  A  short  distance  above  the  landing  is 
a  large  mound,  formerly  occupied  by  the  Indians  as  a  village  site.  The 
bank  at  this  place,  which  contains  several  dwellings,  a  store,  the  county 
courthouse  and  a  primitive  jail,  is  chiefly  composed  of  clayey  alluvium, 
and  is  partly  overflowed  at  high  water  in  the  river.  High  water  in  1886 
left  a  mark  on  the  houses  4  feet  above  the  ground.  About  eight  miles 
westward  is  the  Chipola  river,  fl<5wing  in  a  southerly  direction,  on  the 
banks  of  which  are  several  outcrops  of  the  Chesapeake  and  Chipola  beds, 
in  which  the  fossils  are  in  a  better  state  of  preservation  than  at  Alum 
bluff",  and  the  Chipola  marl  may  be  observed  resting  conformably  upon 
the  Chattahoochee  limestone.  The  water  being  extremely  low,  within  a 
foot  or  two  of  its  lowest  observed  stage,  as  we  were  informed,  the  oppor- 
tunity was  extremely  favorable  for  examining  these  outcrops.  Obtain- 
ing a  conveyance,  we  drove  from  Blountstown  over  to  the  Chipola  river 
to  inspect  them. 

Baileys  Ferry  and  Section, — The  principal  localities  of  interest  on  the 
Chipola  river  are  those  near  a  point  called  Baileys  ferry,  where  a  bridge 
has  replaced  a  former  ferry,  but  no  village  exists,  the  farms  being  scat- 
tered. This  ferry  is  not  on  any  map,  but  is  believed  to  be  situated  in 
township  1  north,  range  9  west,  section  32.  Just  above  the  bridge,  on 
the  right  bank,  the  ferruginous  Chipola  marl  may  be  seen  rising  two  or 
three  feet  above  the  water's  edge,  the  bank  at  the  lowest  stage  of  the 
water  being  six  or  eight  feet  high.  This  is  said  by  residents  of  the 
vicinity  to  be  the  most  northerly  point  on  Chipola  river  where  the  yel- 
low marl  is  visible  in  the  bank.  A  few  miles  west,  on  a  branch  known 
;i.s  Ten-mile  creek,  the  Chipola  marl  rises  much  higher  and  reaches  so 
near  the  surface  at  Stevens  spring  that  the  plow  throws  out  hundreds  of 
fine  fossils  in  turning  a  furrow.  We  were  not  able  to  visit  Mr  Stevens' 
place,  but  half  a  mile  below  the  bridge,  on  the  right  bank,  is  a  farm  be- 
longing to  Mr  John  McClellan,  on  which  a  fairly  good  section  can  be 
Jitudied  along  the  river  bank,  and  here  the  following  section  was  made  : 

Section  at  McClellam  Marl-bed^  Baileys  Ferry. 

?>u|>erficial  sands,  1  to  3  feet,  say 2  feet, 

<'hii)ola  marl,  varying  from  7  to 12     " 

(■liattahoochee  limestone  at  water's  edge,  extending  below  not  less  than. .     6    ** 

Total  thickness 20    " 
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The  marl  is  extremely  rich  in  fossils ;  Mr  Burns  obtained  over  400 
species  in  a  few  days'  work  at  this  locality.  It  contains  a  certain  pro- 
portion of  clay  and  much  calcareous  matter,  and  is  of  a  pale  yellowish 
color.  It  shows  no  OrbiioUtes,  but  Orlhdidax,  Cyprsea,  Ancilla,  J^sm. 
Oonus,  Cerithium,  etc,  show  characteristic  fossils  beautifully  preserved 
and  of  good  size.  It  is  probable  that  the  beds  which  lie  above  the 
Chipola  have  been  denuded  in  this  vicinity.  The  importance  of  the 
section  lies  in  the  presence  of  the  typical  Chipola  marl  conformably 
upon  the  Chattahoochee  limestones,  which  last  at  Alum  bluff  are  below 
the  surface  of  the  river,  if  present.  The  left  bank  here  seems  to  be 
alluvial. 

Abes  Spring  and  Section. — Three  or  four  miles  south  from  Bailejrs  ferry, 
on  the  left  bank,  is  a  settlement  of  scattered  houses  which  from  a  spring 
which  issues  near  the  river  has  received  the  name  of  Abes  spring.  It  is 
situated  on  the  south  line  of  township  1  south,  range  9  west,  section  17. 
The  right  bank  of  the  stream  here  seems  to  be  low  and  alluvial,  rather 
densely  wooded. 

The  section  here  was  measured  with  a  steel  tapeline  on  the  left  bank 
of  the  Chipola  river,  Calhoun  county,  Florida,  at  the  bluff  about  200 
feet  north  of  the  spring,  which  here  flows  from  a  wooden  pipe. 

Section  at  Af*es  Spring, 

1.  Sui)eriicial  sanda.  al)out 4  feeU 

2.  Reddish  and  yellowish  streaked  sands 30-32     ** 

3.  Gray  aluminous  clay 19     '* 

4.  Chesapeake  gray  marl  to  water  (variable) 7     ** 

Total  thickness  above  water 62    *' 

In  detail  these  strata  have  the  following  composition : 

Number  1. — Pale  yellowish  gray  incoherent  sand,  such  as  might  be 
deposited  by  a  river  during  seasons  of  high  water — less  like  beach-sand 
than  the  analogous  material  at  Alum  bluff. 

Number  2. — Of  the  same  character  as  number  3  of  Alum  bluff.  The 
material  is  generally  a  little  coarser  and  the  gravels  a  little  larger,  and 
there  is  also  greater  heterogeneity  in  structure. 

Number  3.— Same  as  number  4  (aluminous  clay)  of  Alum  bluff. 

Number  4. — Chesapeake,  just  as  at  Alum  bluff. 

Darlings  Slide  and  Section, — On  the  Chipola  river,  a  mile  or  more  north 
of  Abes  spring,  is  a  **  slide  "  where  timber  is  cast  into  the  river  for  the 
construction  of  rafts,  which  are  floated  down  the  river  to  the  milk  at 
Apalachicola,  on  the  Gulf.  This  place  is  locally  known  as  Darlings  slide, 
and  is  a  very  steep  natural  bank,  affording  an  excellent  section,  though 
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somewhat  obscured  by  weathering  and  the  friction  of  the  enormous  logs 
which  are  rolled  over  it.  It  is  on  the  left  bank,  and  the  bank  opposite 
is  low  and  apparently  of  alluvium. 

Section  at  Darling9  Slide. 

1.  Superficial  sands 3  feet. 

2.  Reddish  and  yellowish  streaked  sands 18-20    ** 

.1  Gray  aluminous  day  (presence  or  thickness  uncertain) )      27     " 

4.  Chesapeake  marl  to  water  (variable) * 

Total  thickness  above  water 50    ** 

The  composition  of  the  several  beds  is  as  follows : 

Number  1. — Pale  yellowish  gray  incoherent  sand,  such  as  might  be 
deposited  by  a  river  during  floods — less  like  beach-sand  than  the  analo- 
gous material  at  Alum  bluff. 

Number  2. — Of  the  same  character  as  number  3  of  Alum  bluff.  The 
material  is  generally  coarser  and  the  gravels  a  little  larger.  There  is  also 
greater  heterogeneity  in  structure. 

Number  3. — The  conditions  were  unfavorable  for  determining  the 
presence  or  thickness  of  the  gray  aluminous  clay,  but  from  the  fact  that 
it  is  well  exposed  with  sharp  contacts  at  Abes  spring,  but  a  short  dis- 
tance south,  and,  together  with  the  Chesapeake,  makes  up  27  feet  of 
thickness,  it  is  reasonable  to  suppose  that  it  forms  part  of  the  27  feet 
assigned  to  3  and  4. 

Number  4. — Chesapeake  marl,  in  every  respect  the  same  as  that  forma- 
tion found  at  Alum  bluff. 

It  is  notable  that  nothing  below  the  Chesapeake  is  visible,  although  it 
has  been  stated  that  the  Chipola  beds  exist  under  the  gray  marl.  This 
can  only  be  an  assumption,  since,  with  the  water,  as  we  were  informed, 
within  a  foot  of  its  lowest  stage,  nothing  of  the  sort  was  visible,  nor  does 
the  stream  show  any  material  such  as  would  be  washed  out  of  the  older 
Miocene  beds,  if  present.  The  principal  fossil  here,  as  at  Alum  bluff,  is 
Mactra  congesta,  Conrad,  with  which  are  associated  Venm  m^rcenaria,  L., 
and  TurrUella  variabilis,  Conrad.  The  beds  above  the  Chesapeake  appear 
to  he  destitute  of  fossils. 

Below  Abes  spring  the  banks  of  the  Chipola  become  lower  and  swampy 
and  the  river  enters  the  so-called  Dead  or  Chipola  lakes,  noted  as  a  fish- 
injy  ground,  through  which  it  connects  with  the  Apalachicola  by  a  cut- 
off.   Seaward  from  this  extend  the  great  swamps  of  the  coastal  plain. 

Thomasville,  Georgia, — On  the  line  of  the  Savannah,  Florida  and  West- 
ern railroad  leading  toward  Albany,  Georgia,  and  from  half  a  mile  to  a 
mile  from  the  center  of  the  town,  there  are  several  cuts  which  give  good 
exposures  of  the  reddish  gravels  which  cover  most  of  this  region  and 
have  been  referred  to  the  Lafayette  formation.    These  beds  contain  much 
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clay,  together  with  small,  slightly  rounded  fragments  of  quartzose  mate- 
rial, and  near  their  upper  surface  numerous  small,  dark  colored,  van* 
round  gravel  stones,  quite  uniform  in  size,  stained  with  iron  and  looking 
like  peas  or  buckshot.  The  lower  part  of  the  clays  shows  evidences  of 
stratification,  thin  sheets  of  harder  material  still  remaining,  broken  ujk 
apparently  in  situ^  but  formerly  continuous.  Occasionally  a  small  dike 
of  quartzose  material  may  be  seen  standing  in  the  gravel  in  its  original 
position. 

Conclusions  as  to  the  Geologic  Structure  and  Succession. 

The  different  portions  of  the  generalized  section  for  the  Apalachicola 
region  above  the  Vickaburg  limastone  which  have  actually  been  observed 
are  shown  on  the  accompanying  diagrams,  together  with  a  column 
representing  the  whole  series.  The  relative  thickness  of  the  beds  is  ac- 
curately represented  in  the  diagrams,  except  that  in  the  ideal  column 
the  thicker  beds  are  somewhat  diminished  in  order  to  bring  it  within  the 
limits  of  the  page.  It  will  be  seen  on  examination  that,  while  the  series 
is  not  complete  in  any  single  section,  taken  collectively  there  is  no  ^p 
outstanding  between  the  beds  and,  humanly  speaking,  no  room  for  mis- 
apprehension as  to  their  position  and  age.  Being  variable  in  thickne&' 
at  diflferent  points,  an  average  thickness  has  been  assumed  for  the  ideal 
section,  except  in  the  case  of  the  Chattahoochee  limestone,  which  has 
been  put  at  50  feet,  and  the  Vicksburg  at  a  nominal  thickness,  owing  t<^ 
exigencias  of  space. 

To  avoid  possible  confusion  the  symbols  used  in  the  sections  are  also 
employed  in  the  sterographic  map  accompanying  the  paper.  This  map. 
while  approximately  accurate  in  its  geographic  boundaries,  is  necessarily 
highly  generalized  topograj)hically  and  is  merely  a  conventional  pre- 
sentation of  the  relation  of  the  several  localities  and  formations. 

EOCEyE. 

Beginning  at  the  base  of  the  column,  Professor  Pumpelly  has  shown 
that  tlie  Chattahoochee  series  rests  on  an  erosion  surface  of  the  Vicksburs: 
or  Orbitoidal  limestone  which  forms  the  culmination  of  the  Eocene 
rocks.  We  have  confirmed  this  by  an  examination  of  the  fossils  sub- 
mitted by  Professor  Pumpelly,  who  also  considers  that  the  Chattahoochee 
and  Chipola  beds  in  southwestern  Georgia  attained  a  thickness  of  some 
200  feet,  which  has  been  reduced  by  solution  and  settlement  to  a  very 
small  fraction  of  that  amount. 

MIOCEyE. 

Chattahoochee  LimeMones. — At  Aspalaga  the  Chattahoochee  limestone? 
are  in  evidence  to  the  amount  of  50  feet  before  disappearing  below  the 
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water  and  talus  to  an  unknown  depth.    They  consist  of  clayey  lime- 
stones, some  layers  of  which  are  harder  than  others,  occasionally  thor- 
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FiauKi  X^OenereUUed  Section  and  Sections  exposed  on  the  Ckipola,  ApaUiehicola  and  Oekloekonee 

Rivers^  Florida. 

A.  Section  at  Abes  spring,  Chipola  rlTer,  Florida. 
K       ^        **  Old  Chattahoochee  landing. 

C.  ••        *•  Rirer  junction,  Savannah,  Florida  and  Western  railroad. 

D.  *•        ••  Darlings  slide,  Chipola  river. 

E.  **        *'  Aspalaga  bluff,  Apalachicola  river. 

F.  •*        **  Rock  blnffT  Apalachicola  river. 

^.       **        **  Jacksons  bluff,  Ochlockonee  river. 

H.       "        '*  McClellans  nnarl-bed.  Baileys  ferry,  Chipola  river. 

I-       **        •*  Blue  springs,  Flint  river,  Georgia. 

J.       **        **  Alum  bluff,  Apalachicola  river,  Florida. 

K.       ••        •*  Ideal  section  showing  relative  thickness  and  succession  of  the  beds. 

The  definitions  assigned  the  figures  are  as  follows:  1,  superficial  sands;  2,  Lafayette  beds; 
X,  aluminous  clay  (Pascagoula?) ;  4,  Chesapeake  marl ;  5,  Alum  bluff  beds  ;  6,  Chipola  marl ;  7,  Chat- 
tahoochee series;  8,  Vicksburg  Eocene  limestones. 

The  figures  are  the  same  for  all  the  sections.  In  sections  A  to  J  the  relative  thickness  of  the 
beds  is  represented  on  the  natural  scale. 

XXII—BuLL.  Obol.  Soc.  Am.,  Vol.  6,  1893. 
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oughly  silicified,  usually  of  a  pale  yellow  color,  but  in  the  more  siliceous 
portions  white  or  gray  or,  when  partially  oxidized,  varying  in  shades  of 
ferruginous  brown.  The  remnants  left  by  solutionary  i)rocesse3  arc 
almost  always  reddened  by  oxidation.  The  beds  which  in  other  part^j 
of  Georgia  and  Florida  may  be  correlated  with  the  Chattahoochee  serie? 
are  as  follows :  The  Hawthorne  beds  of  central  Florida  and  the  thin  layer 
containing  oysters  and  corals  which  Burns  found  intercalated  between 
the  Vicksburg  limestone  and  the  Altamaha  grits  on  the  Ocmulgee  river 
in  Georgia,  the  Orthaulax  bed  and  Tampa  limestone  of  Tampa,  Florida. 
and  the  chert  of  Hillsborough  river.  Heilprin's  Cerithium  rock  als«) 
belongs  here,  and  Bailey's  ''  infusorial  earth  "  of  Tampa.  The  fauna 
which  characterizes  them  is  also  found  represented  mechanically  mixed 
with  lat^r  forms  in  the  marls  of  Shiloh,  New  Jersey. 

This  fauna  is  very  closely  allied  to  that  of  the  Cliipola  beds  and  ha< 
not  been  completely  worked  out,  but  is  intimately  connected  with  the 
Miocene  of  the  West  Indies,  Jamaica,  Trinidad,  Haiti,  Curayao,  Panama 
and  Costa  Rica.  Many  of  the  species  are  the  same  as  those  of  the  Chipola 
fauna,  but  others  are  peculiar,  sufficiently  so  to  warrant  the  separation 
of  the  Chattahoochee  from  the  Chipola  as  a  distinct  series.  The  fonns 
which  characterize  the  former  alone,  as  far  as  our  present  knowledge 
goes,  include  Orihanlnx  pugnax^  several  species  of  Pyrazmmis,  Ceriihunn 
hillsboroensis,  PoUimides  trmisecta^  Nalica  amphora,  Cyrena  vesica  and  OrhiUt- 
litcH  floridanm.  The  last  has  been  repeatedly  mentioned  as  found  in 
rocks  of  the  Chipola  series,  and  there  is  no  particular  reason  why  it 
should  not  occur  there,  since  there  is  a  recent  species  of  Orbitoliks  not 
to  be  distinguished  from  Orbitol  lies  floridanm,  w^hich  has  been  dredged  in 
large  quantities  on  the  Gulf  coast  by  the  United  States  Fish  ConimL*^- 
sion.  Nevertheless,  the  fact  remains  that  so  far  I  have  been  unable  to 
detect  any  trace  of  this  fossil  in  any  of  the  typical  Chipola  beds,  and 
believe  that  the  report  of  its  presence  there  is  due  to  some  misidentifica- 
tion.  Certain  corals  and  a  peculiar  oyster  are  very  characteristic  of  the 
lower  zones  of  the  Chattahoochee  everywhere,  but  have  not  yet  been  suf- 
ficiently studied  to  be  precisely  identified,  and  may  also  occur  at  higher 
levels.  The  same  may  be  said  of  several  echini.  Since  the  Altamaha 
grits  are  of  analogous  and  probably  synchronous  origin  with  the  much- 
debated  Grand  Gulf  beds,  it  is  i)robable,  from  Burns'  observations,  that 
the  latter  are  in  large  i)art  synchronous*  with  the  Chattahoochee  series: 
and  the  erosion  by  which  the  Grand  Gulf  sediments  were  formed  may 
have  started  with  the  movement  in  elevation  which  finally  raised  tliesc 
older  Miocene  beds  in  Costa  Rica  to  a  very  considerable  height  ahove 
the  sea. 


•  See  Bull.  84,  U.  S.  Geol.  8urv**y,  pp.  82,  8.3,  I8{i2.  Prof<»f«sor  E.  A.  Smith.  Stale  Geologist  of  Ala- 
bama, from  unpublished  data  had  come  to  the  conclusion  as  early  as  September,  1892,  ihAt  the 
typical  Grand  BlBff  beds  should  be  correlated  with  the  older  Miocene  of  the  Apalachicola  section. 
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The  Chattahoochee  limestone  has  been  observed  above  the  Vicksburg 
in  southwestern  Georgia  (Bainbridge,  Blue  springs,  Wileys  landing),  and 
in  Florida,  at  the  surface  or  overlaid  only  by  the  Lafayette  (River  Junc- 
tion \  conformably  overlaid  by  the  Chipola  marl  (McClellan's  marl-bed, 
Chipola  river),  or  by  the  Alum  bluff  beds  (Old  Chattahoochee  landing, 
Aspalaga,  Rock  bluff). 

Chipola  Marl. — The  Chipola  marl  which  immediately  overlies  the 
Chattahoochee  limestone  is  a  very  calcareous  mixture  of  broken  shells, 
tine  clay,  fossils,  and  fine  sand.  When  in  its  normal  state  it  is  of  a  pale 
yellow,  but  at  Alum  bluff  is  oxidized  to  a  dark  red.  It  is  replete  with 
organic  remains  which  are  often  in  a  fine  state  of  preservation.  More 
than  400  spetues  have  been  collected  by  Burns  and  the  writers,  of  which 
only  a  portion  of  the  Gasteropods  have  been  fully  worked  out.  Oi'thau- 
lax  gnhbi,  Strombtis  cddrichi,  Venm  langdoni,  many  CerU^es  and  Tarritellas, 
Marginellas  and  Trochids  are  among  the  more  conspicuous  fossils.  There 
is  a  remarkable  absence  of  foraminifera  and  echinoids  and  the  corals  are 
few.  mostly  small,  solitary  species.  The  deposit  is  one  which  must  have 
l)een  formed  under  very  favorable  conditions  of  food-supply  and  in  a 
depth  of  water  greater  than  that  which  occurs  within  the  limits  of  the 
tides.  This  explains  its  absence  in  the  sections  where  the  Chattahoochee 
is  covered  by  beds  which  were  obviously  deposited  in  shallow  water,  as 
at  A3])alaga,  Rock  bluff  and  old  Chattahoochee  landing.  The  observed 
thickness  of  the  ('hipola  bed  doas  not  much  exceed  15  feet,  but  in  favor- 
able localities  it  may  hereafter  be  shown  to  have  considerably  exceeded 
this  amount. 

Alum  Bluff  Beds. — At  Alum  bluff  the  Chipola  marl  is  conformably 
overlaid  by  the  deposit  named  by  Dall  in  1891  the  Alum  bluff  beds, 
which  there  attains  a  thickness  of  nearly  22  feet.  The  change  at  the 
point  A-B,  figure  2,  from  the  marl  into  the  sands  is  not  abrupt,  but 
tjra<iual,  and  takes  place  in  a  depth  of  about  five  feet,  the  fauna  of  the 
marl-bed  being  represented  in  the  sands  by  quite  a  number  of  its  species 
in  this  transition  zone.  Above  the  sands  show  no  fossils  or  only  phyto- 
j^ene  remains.  The  composition  of  the  Alum  bluff  beds  is  chiefly  sand, 
with  a  little  clay  intermixed,  and  occasional  apparently  lenticular 
masses  of  clay  almost  pure.  The  sands  are  yellowish  or  pale ;  the  clay 
pale  gray,  both  oxidized  in  streaks,  when  they  are  of  various  shades  of 
ferruginous  yellow  verging  into  orange.  When  the  face  of  the  bluff  is 
cleared  of  weathered  material  the  sands  above  the  lower  five  or  six  feet 
are  seen  to  be  clearly  and  distinctly  cross  bedded.  In  the  lower  por- 
tion are  numerous  plant-remains,  some  of  them,  apparently  palmettos, 
attaining  a  very  large  size  and  having  the  woody  stems  converted  into 
>treaks  of  lignite.     The  phenomena  indicate  clearly,   as  Foerstc  has 
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already  shown,  that  an  elevation  took  place  which  raised  the  area  of 
the  marl  to  a  point  where  the  deep-water  fauna  forsook  it,  where  v€^ 
table  matter  was  deposited,  and  where  finally  the  water  was  so  shoal  as 
to  admit  of  cross  bedding  from  wave-action.  These  features  are  charac- 
teristic of  the  beds  at  the  point  A-B^  figure  2,  where  our  chief  section  wa^ 
made ;  but,  following  them  northward  in  the  face  of  the  bluflf  for  about 
a  third  of  a  mile,  we  perceive  that  a  change  takes  place  in  the  character 
of  the  sediments  of  which  the  bed  is  composed.  They  become  more 
clayey  and  the  sand  is  finer;  the  color  changes  from  pale  yellow  to 
whitish,  and  finally  to  a  pale  gray  or  even  a  greenish  tint.  At  point  C, 
figure  2,  the  transformation  is  complete,  and  the  yellow  color  and  croHs- 
bedding  have  disappeared  entirely.  In  the  bed  at  this  point  we  did 
not  observe  any  fossils,  but  its  thickness  is  about  the  same  as  at  B. 
Five  miles  further  north,  in  the  Rock  bluflf  anticline,  this  bed  reappears 
with  a  thickness  of  63  feet,  and  here  contains  oyster-bed  fossils,  Ostreo^ 
Pecten,  Balanm,  Anomia  and  TunnteUa,  and  it  is  again  seen  with  the 
same  fossils  at  Aspalaga.  At  Old  Chattahoochee  landing  it  is  again 
unfossiliferous.  It  is  also  reported  under  the  Chesapeake,  at  Jacksons 
bluflf,  on  the  Ochlockonee  river,  where  it  has  the  same  fossils  as  at  Rock 
bluflf.  This  deposit  clearly  belongs  to  the  Chipola  series  and  represent?? 
that  part  of  the  latter  which  was  deposited  in  shallow  ws^jter,  before  the 
incursion  of  the  Chesapeake  fauna,  during  an  epoch  of  elevation.  The 
greatest  thickness  of  the  Alum  bluflf  beds  observed  at  Rock  bluflf  is 
63  feet.  They  were  subsequently  named  the  "Aspalaga  marl "  by  John- 
son,* and  referred  to  his  "  Waldo  formation,"  but  they  are  physically 
continuous  with  the  sands  of  the  Alum  bluflf  beds. 

Farther  west,  at  Oak  Grove,  on  the  Yellow  river,  Florida,  what  appears 
to  be  this  same  fauna  occurs  in  a  fine  incoherent  gray  sand,  with  a 
number  of  species  not  found  in  the  Chipola  marl,  including  the  Turriiella 
(n.  sp.),  referred  to  as  occurring  at  Rock  bluflf.  It  would  seem,  there- 
fore, that  this  same  zone  is  represented  at  that  point,  though  the  matrix 
is  diflferent.  With  a  large  number  of  these  essentially  old  Miocene  fossils 
collected  at  Oak  Grove  were  sent  by  Professor  E.  A.  Smith  specimens  of 
Pecten  madisonius^  Panopaea  goldfitssu  and  several  other  fossils,  which  latter 
occur  in  the  Chesapeake  at  Alum  bluflf,  but  not  in  Maryland.  These 
may  represent  a  stratum  above  that  in  which  the  old  Miocene  fossils 
occur,  or  these  s]>ecies  may  be  the  precursors  in  that  part  of  the  Alum 
bluflf  beds  of  the  advancing  Chesapeake  fauna.  At  present,  owing  to 
various  circun\stances,  which  need  not  be  recapitulated  here,  we  incline 

•  Bull.  Geol.  Soc.  Am.,  vol.  3,  p.  130.  On  page  129  they  are  called  in  a  foot-note  the  "Aspalaga  clay*," 
but  clay  Is  not  predominant  in  tliem.  The  ^^aldo  horizon  is  that  of  the  newer  Miocene  (Cheaapeake) 
at  the  typical  locality,  V)nt  its  author  in  defining  it  combined  with  it  beds  at  other  localities  belong- 
ing to  the  old  Miocene, 
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to  the  first  supposition.  There  is  a  well  marked  Cardium  (chipolanum 
n.  sp.)  in  the  Chipola  marl  which  simulates  in  miniature  the  great 
Chrdium  magnum  of  the  recent  &una.  This  is  succeeded  in  the  Alum 
bluff  beds  by  another  species  extremely  similar,  but  perfectly  distinct. 
This  occurs  at  Oak  Grove.  Cardium  chipolanum  is  found  in  Johnson's 
Hattiesburg  phase  of  the  Grand  Gulf  beds  at  Roberts,  Escambia  county, 
Alabama.  At  the  latter  place  Professor  Smith  informs  us  the  sands  con- 
taining the  fossils  lie  directly  upon  genuine  Grand  Gulf  beds  (Johnson's 
EUiaville  phase).  If  these  observations  be  correct  we  probably  have  the 
Grand  Gulf  beds  (strictly  speaking)  comprised  between  the  Hawthorne 
beds  below  and  the  Alum  bluff  beds  above,  thus  making  them  chrono- 
logically equivalent  to  the  lower  middle  portion  of  the  old  Miocene 
rocks  of  west  Florida.  The  Pascagoula  clays  of  Johnson,  formerly 
associated  with  the  Grand  Gulf  beds,  may  be  confidently  referred  to  the 
newer  portion  of  the  newer  or  Chesapeake  Miocene,  and  would  there- 
fore be  separated  by  a  considerable  time-interval  from  the  typical  Grand 
Gulf  rocks. 

There  is  some  reason  to  believe  from  fossils  collected  at  De  Funiak 
springs  that  the  Alum  bluff  beds  are  represented  there,  but  no  question 
of  this  sort  can  be  answered  pennanently  without  a  careful  study  of  the 
stratigraphy  in  combination  with  an  intelligent  knowledge  of  the  fauna. 
Attempts  to  theorize  on  the  geology  of  the  southern  Tertiary  from  a  few 
imperfectly  identified  species  of  fossils  and  without  exact  determinations 
of  the  stratigraphy  are  worse  than  useless,  as  they  multiply  error  and 
confusion. 

The  Chipola  series  may  be  summarized  as  containing  the  Chipola 
marl,  the  Roberts,  Escambia  county,  Alabama,  sands  and  the  Alum  bluff 
beds,  which,  with  the  Chattahoochee  formation,  comprise  the  subtropical 
or  old  Miocene  division  of  the  Miocene  of  the  southern  and  eastern  United 
States. 

Chesapeake  or  cold  Water  Miocene. — Just  above  the  Alum  bluff  beds  in 
the  section  A-B,  at  Alum  bluff,  lies  the  gray  Chesapeake  or  newer  Mio- 
cene marl,  consisting  of  an  arenaceous  greenish  gray  clay,  crammed  with 
fossils.  Here  the  bed  is  deposited  conformably  upon  the  Alum  bluff 
sands,  but  sharply  contrasted  with  them,  both  in  color  and  coherence. 
It  reaches  here  a  thickness  of  35  feet,  which  diminishes  gradually  north- 
ward to  not  more  than  5  or  6  feet  at  point  (7,  figure  2.  The  upper  few 
feet  form  a  zone  which  is  more  or  less  oxidized  and  has  the  fossils  dis- 
solved out,  owing  to  seepage  of  acidified  water  from  the  bed  above.  The 
fauna  of  the  Chesapeake  at  Alum  bluff  includes  about  200  species,  among 
which  Venus  riley^l,  Conus  adversarlas,  TurriteUa  variabilis^  Fu^us  eqv^lisy 
DeniaJium  altenuatum,  Ecphora  quadrtcostnta  and  Crifrihuhtm  constrictum 
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are  prominent  species  and  Madra  congesta  the  most  abundant  fossil. 
The  color  of  the  bed  and  of  the  fossils  in  the  bed  is  exactly  like  that  of 
the  Maryland  beds  of  the  same  age,  their  cold  gray  and  chalky  white 
color  contrasting  vividly  with  the  yellow  and  ferruginous  tints  of  the 
old  Miocene  marl  and  its  fossils. 

This  bed  has  been  recognized  lying  upon  the  Alum  bluff  beds  at  Jack- 
sons  bluff,  Ochlockonee  river  (Jussen),  and  below  the  Lafayette  or  red 
beds  and  the  aluminous  clay  at  Abes  spring  and  Darlings  slide.  It  also 
occurs  near  Tallahassee  and  is  reported  on  Johnson's  authority  from  De 
Funiak  springs.  It  is  probable  that  this  fauna,  which  has  been  shown 
by  Dall  and  Harris*  to  have  penetrated  into  the  gulf  of  Mexico  by  the 
strait  named  by  them  the  Suwannee  strait,t  never  extended  westward 
of  the  Mississippi  embayment,  the  synchronous  fauna  on  the  Texan 
side  of  that  gulf  partaking  much  more  strongly  of  subtropical  and  Pa- 
cific coast  elements.  It  would  not  be  surprising  if,  as  suggested  by 
Foerste,  a  mingling  of  the  earlier  Chesapeake  and  latest  Chipola  species 
were  found  to  occur  at  some  point  on  the  Gulf  coast.  But  it  must  be 
distinctly  understood  that  no  reliable  evidence  of  such  a  mingling,  ai? 
distinguished  from  an  accidental  mechanical  mixture  of  fossils  of  dif- 
ferent ages,  has  yet  been  shown  to  exist  anywhere.  The  Oak  Grove 
fossils  authorize  the  inquiry,  but  cannot  as  yet  offer  any  proof  of  such  a 
mixture.  The  locality  would  be  worth  examination  by  any  trained  ob- 
server who  would  take  the  time  and  trouble  to  definitely  ascertain  the 
exact  facts,  which  are  not  yet  at  our  disposal. 

The  Chesapeake  marl  reaches  7  feet  above  the  water  at  Abes  springs. 
At  Darlings  slide  there  is  uncertainty  as  to  its  exact  thickness,  but  at 
neither  place  is  its  base  discernible  or  any  subjacent  rock  visible.  At 
Jacksons  bluff  it  is  8  feet  thick. 

The  Aluminous  Clay. — Above  the  Chesapeake  marl  at  Alum  bluff  is  a 
bed  of  grayish  clay,  apparently  more  pervious  than  the  marl,  as  water 
issues  from  it  all  along  its  face,  and,  trickling  down,  leaves  an  efflores- 
cence on  the  surface,  from  which  the  bluff  derives  its  name.  This  clay 
is  24  feet  thick,  and  was  termed  *'  lignitic  "  by  Langdon  and  Johnson, 
but  contains  extremely  little  vegetable  matter,  as  Foerste  pointed  out-t 
We  found  evidences  of  fossils,  too  much  dissolved  to  identify,  in  this 
clay,  and  Mr  Foerste  states  that  he  found  Chesapeake  species  in  it,  but 
does  not  mention  which  species.  It  is  highly  probable  that  the  clay  is 
of  Chesapeake  age,  and,  as  it  exactly  resembles  the  so-called  Pascagonla 
clay  of  Vernal,  Mississippi,  which  contains  at  least  one  Chesapeake  spe- 

♦  Bull.  84,  U.  S.  Geol.  Survey,  1891. 

t  Op.  cit.,  p.  Ill ;  the  nntne  of  Okeefinokee  has  since  been  applied  to  it  by  Foerste  (Am,  Jour.  Sci  i 
vol.  46,  October,  1893,  p.  •i4r>),  who  donbtlesn  overlooked  the  fact  that  it  had  previously  »>een  named. 
X  Op.  Cit,  p.  260. 
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cies  (^Mactra  lateralis,  Say)  belonging  to  the  newer  Chesapeake,  it  is  prob- 
able that  the  Pascagoula  beds  should  also  be  referred  to  this  horizon. 
The  aluminous  clay  was  also  recognized  in  a  bed,  19  feet  thick,  above  the 
Chesapeake  marl  at  Abes  spring,  and  part  of  the  27  feet  assigned  to  the 
Chesapeake  at  Darlings  slide  is  probably  of  this  horizon,  though,  owing 
to  the  verticality  of  the  bluff,  its  face  could  not  be  closely  examined  at 
this  height,  and  the  line  of  distinction  between  the  two,  if  it  exists,  had 
been  so  obscured  by  the  rush  of  huge  logs  over  the  surface  that  it  could 
not  be  recognized  from  the  foot  of  the  bluff. 

This  completes  the  summary  of  the  Miocene  section  of  the  Apalachi- 
cola  region.  It  has  involved  some  repetition  of  previously  mentioned 
details,  but  this  was  thought  best  to  avoid  obscurity. 

PLIOCEyE. 

There  was  found  near  the  top  of  every  section  studied  on  the  Apala- 
chicola  river  a  bed  which  in  general  was  composed  of  a  mixture  of 
yellow  and  red  colored  sands  and  clays,  the  predominating  tint  and 
composition  of  the  material  varying  with  the  locality.  The  thickness  of 
this  bed  in  each  case  has  been  shown  in  the  descriptions  of  the  sections. 
It  has  already  been  noted  that  in  the  vicinity  of  Bainbridge  this  material 
is  of  considerable  thickness  and  homogeneous  in  texture,  highly  argil- 
laceous and  of  a  uniform  red  color  throughout;  also  that  in  some  places 
it  has  the  appearance  of  a  decomposition  product  in  sitUy  while  in  others 
rearrangement  of  the  material  is  apparent,  yet  each  so  simulating  the 
oilier  as  to  make  identification  at  times  difficult.  This  condition  of 
affairs  continues  with  considerable  uniformity  northward  to  Macon,  but 
it  is  safe  to  say  that  there  is  greater  heterogeneity  in  this  material  in  the 
limited  area  studied  than  there  is  in  its  greater  northward  extension- 
At  Old  Chattahoochee  landing  it  preserves  its  Bainbridge  characteristics 
and  rests  upon  an  erosion  surface.  At  Aspalaga  and  Rock  bluff  modi- 
fication is  more  noticeable,  and  when  Alum  bluff  is  reached  on  the  sea- 
ward route  this  formation  is  represanted  by  a  bed  nearly  70  feet  thick, 
highly  arenaceous,  fine  in  texture ;  in  color,  orange  and  white,  so  alter- 
nating as  to  present  a  mottled  appearance,  and,  while  even  this  portion 
of  the  bluff  has  a  stratified  aspect,  there  is  some  evidence  of  plunge  and 
flow  structure.  It  also  rests  conformably  upon  the  bed  of  aluminous 
clay  which  immediately  overlies  the  Chesapeake.  A  little  farther  south 
and  12  or  15  miles  to  the  westward,  at  Abes  spring  and  Darlings  slide, 
the  sand  of  which  it  is  composed  is  coarser,  the  mottlings  have  a  marked 
red  and  yellow  color,  plunge  and  flow  structure  is  more  pronounced  and, 
as  at  Alum  bluff,  it  rests  apparently  conformably  upon  the  aluminous 
clay  overlying  the  Chesapeake.  From  our  observation  we  conclude  that, 
though  often  different  in  composition,  structure  and  color,  it  is  never- 


170      DALL  AND  STANLKY-BROWN — APALAGHK'OLA  RIVER  GKOLOOY. 

theless  a  continuation  of  the  more  homogeneous  formation  to  the  north- 
ward, the  modifications  having  been  brought  about  by  the  agencies  U> 
which  it  was  subjected  in  its  seaward  extension.  There  would  seem  U) 
be  no  question  as  to  the  propriety  of  referring  it,  as  we  have  done,  to  the 
Lafayette  of  Hilgard  and  McGee,  and  from  the  studies  of  the  fos^sil- 
bearing  beds  alone  it  can  be  stated  with  a  reasonable  degree  of  certainty 
that  it  is  not  earlier  than  the  Pliocene. 

PLEISTOCENE. 

In  almost  every  instance  there  was  observed  resting  upon  the  preced- 
ing formation  a  veneer  3  or  4  feet  thick  of  incoherent,  superficial  sand, 
which  in  nearly  all  cases  has  the  appearance  of  such  fine  sandy  mate- 
rial as  is  deposited  in  the  sea  by  the  sluggish  southern  rivers.  At  Alum 
bluff  it  presents  more  the  aspect  of  washed  beach-sand,  but  in  all  ex- 
posures examined  bowlders  and  large  pebbles  were  conspicuously  absent. 
The  opportunities  for  studying  this  surface  bed  were  too  limited  to  war- 
rant the  presentation  of  any  positive  opinions  as  to  its  relation  to  similar 
materials  of  the  region  to  the  eastward  or  westward.  It  is  probably, 
however,  a  remnant  of  the  Pleistocene  Columbia,  which,  along  the  sea- 
ward portion  of  North  Carolina,  South  Carolina  and  Georgia,  has  been 
found  by  McGee  and  others  to  cover  the  Lafayette  as  a  mantle  of  vary- 
ing thickness. 

Correlation. 

The  following  preliminary  correlation  of  the  Miocene  beds  diffon? 
slightly  from  that  of  Bulletin  84,  United  States  Geological  Survey,  and 
also  from  that  of  Mr  Foerste,  owing  to  the  receipt  of  additional  material 
and  our  personal  later  observations  on  the  ground.  More  knowledge  is 
required  both  of  the  fossils  and  the  stratigraphy  before  a  finality  can  be 
reached  in  the  correlations,  but  as  far  as  the  Apalachicola  section  itself 
is  concerned,  we  believe  it  now  rests  upon  a  solid  foundation. 


Apalachicola  Section.  Correlatives. 

Aluminous  clay Paf^cii^ula  clays  (?) 

Chewipeake  marl CheHapeake  of"  Virginia  and  Maryland. 

f  ( Ilatticsburgphase  of  Grand  Gulf  beds. 

\  Oak  Grove  sand. 

f  Rolx^rtfl,  Alabama,  sand. 

(  Bainbridge  residual  beds,  Georgia. 

(  Bainbridge,  Georgia,  residual  l^dn. 

\  Altamaha  grits. 

I  Ellisville  phase.  Grand  Gulf  (?) 

I.wer  Chattahoochee  .,edH 5  L  {J^^^^^^,^^  ^^,^_ 

Vicksburg  Eocene Vicksburg  Eocene. 


Alum  bluff  beds -? 

Chipc^la  marl ^ 

C 
Upper  Chattahoochee  beds 'g 

g 


The  total  thickness  of  this  Miocene  will  hardly  exceed  200  feet  along 
the  Apalachicola  river. 
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Area  Studied. 
qekeral  description. 

Along  the  line  of  the  Norfolk  and  Western  railroad  in  the  counties  of 
Montgomery,  Pulaski  and  Wythe,  Virginia,  there  is  an  area  of  compli- 
cated geology  which  up  to  the  present  time  has  not  received  the  attention 
it  deserves.  The  region  in  question  extends  from  Christiansburg,  on  the 
east,  to  Max  Meadows,  on  the  west,  and  embraces  a  strip  of  country  from 
ten  to  fifteen  miles  in  width  and  about  equally  divided  north  and  south 
with  respect  to  the  line  of  the  railroad. 

PREVIOUS  INVESTIGATORS  AND  THEIR  CONCLUSIONS. 

From  time  to  time  numerous  geologists  have  examined  the  rocks  in 
this  region,  but  their  work  has  been  only  cursory  and  their  results  are 
vague  and  unsatisfactory.  The  published  reports  concerning  it  are,  so 
far  as  the  writer  is  aware,  those  of  W.  B.  Rogers,*  J.  P.  Lesley ,t  W.  M. 
Fontaine,  J  J.  J.  Stevenson  §  and  McCreath  and  d'Invilliers,  ||  who  have 
uniformly  regarded  the  phenomena  here  displayed  as  due  entirely  to 
faulting. 

That  similar  phenomena  can  be  produced  by  faulting  is  not  to  be 
questioned,  for  in  the  southern  Appalachians  there  are  cases  too  well 
authenticated  to  admit  of  a  doubt ;  but  in  this  immediate  r^on  the 
evidence  is  far  from  conclusive,  and  in  fact  strongly  suggests  an  entirely 
different  mode  of  formation.  The  object  of  this  paper  is  to  present  the 
conclusions  reached  and,  as  far  as  possible,  the  fe.cts  upon  which  they 
are  based. 

•Geology  of  the  Virginias. 

t  Am.  Phil.  Soc.  Proc,  vol.  ix,  pp.  30-3.3. 

X  Am.  Jour.  Bci.,  third  serieM,  vol.  xiii,  pp.  37-48  and  11&-123. 

g  Am.  Phil.  Soc.  Proc,  vol.  xxiv,  pp.  61-108. 

I  The  New  River-Cripple  Creek  Mineral  Region  of  Virginia. 
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PRB8BKT  INVESTIGATIONS. 

During  the  past  season  the  writer  has  done  considerable  field  work  in 
this  territory,  and  though  the  area  examined  was  mainly  confined  to  that 
embraced  within  the  limits  of  the  Dublin  atlas  sheet,  still  enough  of  the 
adjoining  territory  was  covered  to  render  the  main  structural  features 
apparent.  The  work  is  not  intended  to  be  final ;  hence  the  map  accom- 
panying this  paper  simply  embodies  the  results  obtained,  and  is  pro- 
visional and  subject  to  revision  in  its  details.  Its  main  features,  however, 
are  essentially  correct,  but  differ  so  widely  from  those  determined  hereto- 
fore that  the  writer  deems  it  well  to  present  them  now,  believing  that 
they  have  an  important  bearing  on  many  perplexing  questions  regarding 
the  structure  and  stratigraphy  of  this  portion  of  the  Appalachian  valley 
and  indirectly  of  the  whole  eastern  portion  of  the  continent. 

PHYSICAL   FBATUBBS, 

Physiographically  this  area  is  the  southward  extension  of  the  Shenan- 
doah valley  or,  more  truly,  the  northward  extremity  of  the  Great  valley 
of  East  Tennessee.  It  is  bounded  on  the  northwest  by  the  first  of  the 
prominent  valley  ridges,  Little  Walker  or  Brushy  mountain,  from  which 
it  is  separated  by  the  first  great  structural  break,  Walker  Mountain  fault. 
On  the  southeast  there  is  no  topographic  boundary  to  the  field,  the  map 
simply  representing  the  area  studied,  but  it  includes  the  major  portion 
of  the  valley.  Macks  mountain,  the  southeastern  limit  of  the  valley,  is 
but  three  or  four  miles  distant  from  New  river,  but  it  involves  the  un- 
determined Ocoee  sediment  and  is  purposely  omitted  from  the  map. 

The  general  surface  of  the  region  under  consideration  is  a  peneplain 
that  probably  dates  back  to  Tertiary  times  for  its  origin  and  represents  a 
period  when  the  general  elevation  of  this  portion  of  the  continent  stood 
much  lower  than  at  present.  Since  then  the  history  has  been  a  repeti- 
tion of  oscillations,  but  the  aggregate  amount  of  these  movements  has 
resulted  in  the  uplifting  of  the  peneplain  to  its  present  altitude,  about 
2,200  feet  above  sealevel.  The  streams,  acting  under  the  stimulus  of 
this  rapid  increase  of  gradient,  have  cut  deeply  into  the  plain  in  their 
effort  to  keep  pace  with  the  rapid  increase  in  elevation.  The  New- 
Kanawha  river,  being  the  largest  stream  in  the  region,  has  cut  most 
deeply  into  the  level  surface,  but  even  this  stream  has  not  held  its  own 
against  the  general  uplift ;  consequently  today  we  find  it  flowing  at  an 
elevation  ranging  in  this  area  from  1,700  to  2,000  feet,  and  its  channel 
marked  by  rapids  and  small  falls,  showing  that  it  is  still  very  active  in 
its  work  of  reaching  a  baselevel. 
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The  small  streams  are  also  in  a  season  of  great  activity,  but  have  not 
been  able  to  keep  pace  with  the  river  in  its  rapid  cutting ;  still  the  sur- 
face is  deeply  trenched  and  the  old  baselevel  is  not  recognizable  unl^s 
one  has  a  comprehensive  view  of  the  valley  and  can  bring  the  remnants 
of  the  baselevel  into  his  plane  of  vision.  From  Cbristiansburg  to  Pulaski 
and  around  the  southern  side  of  Draper  mountain  to  Max  Meadows  this 
peneplain  is  the  controlling  element  in  the  topography,  but  between 
Pulaski  and  Max  Meadows,  on  the  north  side  of  Draper  mountain, 
along  the  railroad,  there  is  no  trace  of  a  baselevel,  for  the  rocks  are 
sandstones  or  sandy  shales  and  were  not  reduced  to  a  peneplain  during 
Tertiary  times. 

The  most  conspicuous  topographic  feature  in  the  region  is  Draper 
mountain,  a.faulted  syncline  of  heavy  sandstone.  The  shape  is  charac- 
teristic synclinal  topography,  the  fault  cutting  off  one  side  of  the  perfect 
canoe-shaped  basin,  but  leaving  a  narrow  ridge  on  the  northern  side 
connecting  two  hooks  that  mark  the  points  of  the  basin.  These  extrem- 
ities are  in  the  form  of  sharp  knobs  and  are  conspicuous  features  in  the 
topography.  Peak  knob  is  at  the  eastern  extremity  and  stands  at  an 
elevation  of  3,374  feet,  while  Hamilton  knob,  at  the  western  extremity, 
is  but  3,163  feet  above  sealevel.  The  ridge  connecting  them  is  extremely 
narrow  and  steep,  being  formed  of  a  single  plate  of  heavy  sandstone 
with  a  steep  southerly  dip,  while  the  softer  beds  lying  above  it  have 
been  eroded,  leaving  a  marked  synclinal  valley  on  the  south  side  of  the 
mountain. 

North  of  Draper  mountain  is  an  exceedingly  rugged  country,  com- 
posed of  sandstones  and  shales.  On  either  side  of  the  railroad  is  a  range 
of  knobs  formed  by  the  harder  beds  of  sandstones ;  these  knobs  are  not 
remarkable  for  altitude,  but  constitute  a  formidable  barrier  on  account 
of  their  rugged  character  and  brushy  covering.  Those  north  of  the  rail- 
road are  called  the  Peak  creek  hills  and  trend  parallel  with  the  railroad 
until  just  west  of  Pulaski,  where  they  swing  sharply  around  the  point 
of  an  anticline  and  thjn  trend  due  west  toward  the  Altoona  coal  mine. 

East  of  New  river  there  are  also  a  few  hills  dignified  by  the  name  of 
mountains,  though  but  a  few  hundred  feet  above  the  surrounding  plain. 
The  most  noted  of  these  is  Price  mountain,  north  of  the  line  of  railroad 
and  between  Cbristiansburg  and  Radford.  This  is  an  isolated  knob 
three  or  four  miles  long  and  300  to  400  feet  high.  From  a  physiographic 
standpoint  it  is  quite  insignificant,  but  from  its  economic  resources  is  well 
and  widely  known,  as  it  has  furnished  coal  for  local  use  throughout  the 
valley  for  many  years,  notwithstanding  lack  of  transportation  facilities 
and  the  small  scale  upon  which  its  mines  have  been  worked. 

South  of  Radford  are  two  small  ridges — Ingles  and  Berringer  mount- 
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ains,  which,  in  a  structural  sense,  are  of  equal  importance  with  any 
described,  but  they  are  physiographically  insignificant  and  without  min- 
eral resources  of  value. 

STBATIOBAPBY. 

The  Paleozoic  rocks  are  quite  well  represented  in  this  district,  with 
the  exception  of  the  extreme  top  of  the  series.  The  formations  show- 
ing in  outcrop  are,  beginning  with  the  oldest,  as  follows : 

Cambrian — Graysonton  Formation, — A  complex  mass  of  red  and  green 
r^hales  and  interbedded  limestones ;  the  limestones  are  generally  silic- 
eous, showing  a  gradual  transition  from  the  siliceous  green  shale  to  a 
solid  limestone,  the  whole  highly  charged  with  iron  and  giving  rise  to 
deep-red  soils ;  occasionally  a  bed  of  pure  blue  limestone  is  seen,  but 
they  are  not  common.  No  reliable  estimate  of  its  thickness  could  be 
made,  as  the  succession  of  beds  was  not  determined  and  no  regular 
section  could  be  found  that  would  afford  a  reliable  measure.  It  is  gen- 
erally much  crumpled  and  disturbed,  and  has  the  appearance  of  being 
cloaely  folded;  the  folds  do  not  appear  to  sustain  any  definite  relation 
to  the  main  structural  features  of  the  region,  and  the  writer  is  inclined 
to  believe  that  they  owe  their  present  disturbed  condition  more  to  fold- 
ing that  occurred  in  early  Paleozoic  time  than  to  that  which  culminated 
the  Appalachian  revolution  and  produced  the  structural  features  now 
most  prominent.  The  age  of  this  formation  cannot  be  definitely  stated, 
as  it  is  apparently  unfossiliferous,  but  seems  to  be  perfectly  conform- 
able to  the  Shenandoah  limestone  and  immediately  beneath  it,  so  that 
it  is  probably  of  Middle  or  Lower  Cambrian  age. 

(hmbro-Silurian — Shenandoah  Limestone, — This  is  equivalent  to  the  Val- 
ley limestone  of  Rogers,  and  includes  the  lower  portion  of  the  Silurian  and 
the  upper  portion  of  the  Cambrian  periods.  It  is  very  much  folded  and 
crushed,  and  this  folding  is  of  the  same  type  as  that  described  in  the 
preceding  formation.  .  Its  thickness  is  about  4,000  feet,  and  it  is  generally 
a  gray  dolomite,  slightly  cherty  at  some  horizons,  and  at  its  extreme  top 
there  is  a  few  feet  of  a  blue,  sparingly  fossiliferous  limestone,  which  is 
probably  the  only  representative  of  the  Trenton-Chazy  limestones  in 
this  region.  The  lower  portion  is  somewhat  shaly,  so  that  the  soil  is 
apt  to  show  some  fragments  of  a  white  or  yellow  shale.  In  the  vicinity 
of  Radford  this  formation  carries  heavy  beds  of  limestone  conglomerate; 
these  beds  or  rather  masses  appear  to  be  free  from  bedding  planes,  and 
in  only  one  place  could  their  attitude  relative  to  the  regularly  bedded 
limestone  be  determined.  On  the  bank  of  the  river,  two  miles  below 
Radford,  where  the  railroad  has  made  a  sidehill  cut,  the  face  of  the  cliff 
is  well  exposed  and  shows  the  contact  of  the  conglomerate  and  lime- 
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stone.  The  limestones  are  somewhat  folded,  and  were  evidently  eroded 
previous  to  the  deposition  of  the  conglomerate,  for  the  surface  upon 
which  the  conglomerate  was  laid  down  is  smooth  and  regular  and  cut 
across  the  edges  of  the  folded  strata  below.  The  conglomerate  is  com- 
posed of  yellowish  white  chalk-like  matrix,  in  which  are  embedded  pel)- 
bles  of  a  character  similar  to  the  matrix.  The  pebbles  are  of  various 
sizes,  from  grains  as  large  as  the  head  of  a  pin  to  masses  from  six  to  nine 
inches  in  diameter,  and  more  or  less  rounded.  In  a  few  cases  the  smaller 
grains  are  of  foreign  material,  but  the  whole  is  so  deeply  decayed  that 
it  is  difficult  to  determine  the  genesis  of  the  rock.  In  places  it  seems 
like  a  subaerial  deposit,  while  in  others  it  appears  like  a  true  wat^r- 
deposited  conglomerate.  Its  meaning  is  obscure,  but  the  writer  is  of  the 
opinion  that  it  indicates  the  existence  of  overlaps  in  early  Paleozoic  tinie^ 
probably  during  the  deposition  of  the  Shenandoah  limestone  itself;  that 
the  limestone  was  folded  and  elevated  above  sealevel  and  formed  cliffs, 
along  which  the  masses  and  half  rounded  fragments  washed  from  the 
bank  were  recemented  and  formed  these  curious  deposits  of  conglomerate. 

Silurian :  Sevier  (Hudson  River)  Shale. — But  two  exposures  of  tliis 
shale  are  known  to  exist  in  the  region.  One  of  them  lies  south  of  Ingles 
mountain,  on  the  east  side  of  New  river,  and  is  structurally  a  shallow, 
faulted  syncline  of  not  more  than  three  or  four  miles  in  length  and  half 
a  mile  in  breadth.  In  this  area  the  formation  consists  essentially  of  cal- 
careous shale,  but  with  many  thin  beds  or  lenses  of  highly  fossiliferous 
limestone.  In  character  these  shales  agree  perfectly  with  the  exposures 
to  be  seen  along  New  river  northwest  of  the  region  in  question,  and  were 
obviously  deposited  under  similar  conditions;  but  further  west,  along  the 
valley,  the  character  is  quite  diflferent,  and  certainly  points  to  a  different 
origin  and  a  different  mode  of  accumulation.  In  the  vicinity  of  Wythe- 
ville  there  is  a  shallow  basin,  composed  of  sediments  of  the  same  age  as 
those  already  described,  but  very  different  in  composition.  These  con- 
sist almost  entirely  of  soft  felspathic  sandstone  or  sandy  shale,  origi- 
nally somewhat  calcareous,  but  generally  the  calcareous  matter  has  dis- 
appeared through  weathering  and  nothing  but  the  sand  remains.  This 
phase  does  not  reach  Walker  mountain  on  the  northwest,  and  terminates 
somewhere  between  Wytheville  and  Radford.  The  line  marking  this 
change  in  character  passes  near  the  western  extremity  of  this  r^ion 
and  probably  constituted  somewhat  of  a  barrier  between  the  two  areas 
of  deposition.  On  the  western  slopes  of  Hamilton  knob  this  formation 
is  supposed  to  outcrop,  but  nothing  definite  is  known  of  either  its  char- 
acter or  the  extent  of  its  exposure. 

Bays  (Red  Medina)  Sandstone. — This  is  also  supposed  to  be  present 
on  Hamilton  knob,  but,  like  the  Sevier  shale,  was  not  studied  sufficiently 
to  enable  the  writer  to  describe  either  the  formation  or  its  outcrop. 
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Clinch  (^Medina-Oneida)  Sandstone. — A  coarse  white  or  slightly  mot- 
tled sandstone,  varying  in  thickness  in  this  portion  of  the  valley  from 
100  to  250  feet.  It  is  the  most  conspicuous  member,  as  it  is  the  chief 
ridge-making  formation,  and  much  of  the  surface  is  covered  with  its 
debris.  In  this  immediate  region  it  differs  slightly  from  its  general 
aspect,  for  here  it  carries  imbedded  between  its  massive  layers  at  least 
one  bed  of  soft  red  shale  about  six  or  eight  feet  in  thickness.  Its  total 
thickness  is  probably  the  minimum  as  given  above,  but  that  is  some- 
what uncertain,  as  it  is  faulted  where  measured  and  so  affords  no  positive 
evidence. 

Rockwood  (Clinton)  Formation. — ^This  formation  consists  almost  en- 
tirely of  shales,  some  of  which  are  non-fissile  and  highly  fossiliferous, 
containing  crinoid  stems  in  abundance.  Its  thickness  was  undetermined, 
and  the  formation  is  of  no  consequence,  except  that  by  its  fossils  the  age 
of  the  sandstone  forming  Draper  mountain  was  positively  determined. 

Giles  (Lower  Helderberg-Oriskany )  Formation.— Lying  above  the  Rock- 
wood  shales,  on  the  south  side  of  Draper  mountain,  is  a  formation  ex- 
ceedingly difficult  to  classify,  as  its  exposures  are  rare  and  unsatisfactory. 
The  only  rock  exposed  is  a  blue,  crystalline  limestone,  the  probable 
equivalent  of  the  Helderberg,  and  it  is  not  known  whether  there  are  any 
sediments  properly  belonging  to  the  Oriskany  or  not ;  there  is  apparently 
room  for  them,  but  nothing  shows. 

Devonian :  Walker  black  Shale. — This  constitutes  the  lower  portion  of 
the  great  series  of  Devonian  shales  and  is  separated  entirely  by  its  color. 
It  is  a  black,  carbonaceous  shale,  and  the  passage  from  this  into  the 
green  shale  above  is  very  gradual  and  is  accomplished  by  interbedding, 
so  that  it  is  impossible  to  determine  exactly  where  the  line  should  be 
drawn.  It  is  arbitrary  at  best,  and  serves  only  to  show  that  the  base  is 
essentially  a  black  shale  which,  in  a  broad  way,  is  clearly  distinguishable 
from  the  green  shale  above. 

Kimberling  Shale. — This  division  includes  all  of  the  shales  above  the 
Walker  and  beneath  the  Carboniferous  sandstone.  Its  base  is  the  transi- 
tion series,  already  described ;  these  pass  upward  into  green,  argillaceous 
shales,  which  grow  more  sandy  as  we  ascend,  until  in  the  upper  portion 
it  carries  many  thinly  bedded  sandstones  and  some  conglomerates. 

Carboniferous:  Price  (Pocono)  Sandstone. — Above  the  Devonian  sedi- 
ments, but  separated  by  no  distinct  line,  is  the  important  coal-bearing 
fonnation  of  this  region ;  it  consists  of  an  alternating  series  of  coarse 
yellow  or  green  sandstones,  beds  of  shale  and  coal.  In  character  these 
sediments  resemble  closely  those  of  the  Upper  Coal  Measures  in  the 
Appalachian  basin  to  the  northwest,  but  it  is  a  significant  fact  that  the 
dejjosits  of  coal  thin  out  rapidly  to  the  northwest,  across  the  strike,  as 
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well  as  southwestward  along  the  valley.  Toward-  the  northeast  the 
writer  is  unacquainted  with  them,  but  they  apparently  hold  their  own 
for  a  long  distance  in  that  direction.  The  distribution  of  the  coal  afford? 
a  clue  to  the  conformation  of  the  shoreline  of  the  Carboniferous  sea,  and 
seems  to  indicate  that  here,  where  the  coals  are  thickest,  the  coastline 
could  not  have  been  fiir  distant  to  the  southeast. 

Pulaski  Shale. — This  immediately  overlies  the  preceding  formation  and 
is  quite  conspicuous  in  the  landscape  from  its  brilliant  color.  Some 
geologists  have  inclined  to  the  belief  that  this  series  represents  Uie 
limestone  and  red  shales  of  the  Umbral,  but  an  examination  of  the  rock^ 
in  the  Cove  in  Wythe  county  entirely  disproves  this  idea,  for  the  lime- 
stones rest  directly  upon  these  red  shales  which  are  as  fully  devel- 
oped there  as  at  Pulaski  or  on  New  river ;  also  this  band  of  red  shale 
can  be  traced  across  the  valley  into  West  Virginia,  where  it  has  dimin- 
ished in  thickness  to  about  20  feet,  but  is  still  persistent.  In  the  same 
region  the  Umbral  red  shales  are  very  prominent  in  their  correct  posi- 
tion above  the  limestone.  There  is  one  exposure  that  seems  to  sustain 
the  theory  of  these  shales  belonging  above  the  limestone ;  this  is  west  of 
Hamilton  knob,  where  the  road  south  from  Max  Meadows  leaves  the 
hilly  country  of  the  Devonian  and  Carboniferous  sandstones  and  shales. 
Here  the  Carboniferous  limestone  immediately  overlies  the  sandstone, 
with  no  red  shale  between ;  but  the  writer  inclines  to  the  belief  that  there 
is  a  slight  overlap  of  the  Carboniferous  limestones  upon  the  Price  sand- 
stone, and  that  the  red  shales  were  either  not  deposited  here  or  were 
eroded  previous  to  the  deposition  of  the  limestone. 

STRUCTURE. 

General  Features. — The  structure  of  this  region  is  much  more  compli- 
cated than  the  stratigraphy,  and  has  been  the  cause  of  the  uncertainty 
respecting  the  general  geology  of  the  region.  As  has  been  mentioned 
before,  this  area,  together  with  the  belt  lying  along  the  eastern  side  of 
the  Appalachian  valley  throughout  its  whole  extent,  has  been  subject  to 
disturbing  influences  throughout  Paleozoic  time.  The  earlier  folds  are 
masked  and  in  part  obliterated  by  the  later  movements,  and  the  promi- 
nent structural  features  of  today  are  those  produced  by  the  latest  of  these 
periods  of  activity.  The  foregoing  statement  does  not  agree  with  the 
old  and  popularly  accepted  idea  of  the  Appalachian  revolution,  which 
is  that  all  the  folding  of  Appalachian  type  occurred  in  post-Carbonifer- 
ous time,  and  that  previous  to  this  the  entire  valley  region  was  under 
water-level.  This  old  idea  is  rapidly  giving  way  before  the  mass  of 
evidence  that  is  accumulating,  and  which  proves  conclusively  that  con- 
siderable of  the  folding  occurred  in  Lower  Silurian  times,  and  probably 
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was  continuous,  with  some  interruptions,  up  to  the  close  of  the  Car- 
boniferous era. 

The  age  of  the  last  disturbance  in  the  region  under  consideration 
cannot  be  fixed  definitely  in  geologic  time.  That  it  occurred  after  the 
deposition  of  the  Carboniferous  limestone  is  certain,  for  in  the  regions 
immediately  adjacent  this  formation  is  involved  in  the  folding  of  Brushy 
mountain.  The  evidence  for  fixing  the  limit  in  the  other  direction  is 
not  so  good,  and  we  cannot  positively  say  whether  it  occurred  before  the 
great  Carboniferous  conglomerate  was  laid  down  in  the  coal  basin  to  the 
northwest  or  whether  it  was  folded  after  all  the  Carboniferous  sediments 
were  deposited.  The  available  evidence  is  negative,  but  indicates  that 
the  r^on  of  the  Great  valley  southeast  of  the  coal  field  along  the  New 
river  was  above  sealevel  when  the  coal  was  forming  in  the  basin  to  the 
northwest,  and  if  this  is  correct  the  folding  in  the  valley  region  probably 
antedated  it. 

The  most  prominent  structural  feature  due  to  this  latest  period  of  dis- 
turbance is  the  Walker  mountain  fault,  shown  on  the  map  at  A-B. 
Northwest  of  this  &ult  the  structure  is  quite  regular  and  all  the  forma- 
tions appear  to  be  present  in  their  regular  order  of  sequence.  South  of 
the  fault  the  condition  of  the  formations  is  quite  different  and,  as  they 
bear  no  very  close  structural  relation,  will  be  described  in  detail. 

Price  Mountain:  General  Description. — Northwest  of  Christiansburg 
and  north  of  the  line  of  the  railroad  lies  Price  mountain,  a  low  ridge  not 
more  than  300  feet  above  the  general  level  of  the  surrounding  country, 
and  between  three  and  four  miles  long.  The  region  surrounding  this 
small  mountain  mass  is  composed  of  the  Shenandoah  limestone,  and  in 
structure  bears  no  relation  to  the  structure  of  the  mountain.  The  latter 
is  an  anticline,  the  core  of  which  is  composed  of  the  sandstones,  shales  and 
coals  of  the  Price  formation.  Around  the  margin  of  this  formation  is  a 
belt,  varying  in  width,  of  Pulaski  red  shale,  which  dips  in  all  cases  away 
from  the  center  of  the  mountain  at  angles  varying  from  15*^  to  35°.  From 
the  center  of  the  mountain,  erosion  has  removed  the  red  shale  and  cut 
deeply  into  the  underlying  Price  sandstone.  The  outer  margin  of  this 
peculiar  area  was  followed  quite  closely,  excepting  the  eastern  extremity, 
east  of  the  Christiansburg-Blacksburg  road,  in  order  to  determine  the 
nature  of  the  unconformity.  Along  this  road  nothing  but  the  Pulaski 
shale  shows  in  a  broad,  flat-lying  belt  that  terminates  within  a  mile  to 
the  eastward  in  a  broad,  rounded  point.  The  line  of  contact  is  generally 
marked  by  a  belt  of  level  land,  in  which  no  rocks  are  visible.  On  the 
southern  side,  however,  in  the  vicinity  of  Vickers  switch,  the  contact  is 
along  rather  high  land,  but  the  same  indefiniteness  characterizes  the 
junction  line.    In  but  one  place  were  the  Pulaski  shales  and  the  Shen- 

XXIV— Bull.  Gkol.  Soc.  Am.,  Vol.  5,  1893. 
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andoah  limestone  found  in  close  proximity,  and  that  is  in  the  bed  of 
Stroubles  creek  at  the  western  extremity  of  the  area.  Here  the  purple 
sandstone  and  shale  strike  northeast  and  southwest,  and  dip  35°  to  the 
northwest,  while  the  limestone  within  fifty  feet  has  the  same  strike,  but 
stands  vertical. 

Views  of  other  Geologists  as  to  Origin. — Faulting  has  heretofore  been 
assumed  as  the  cause  of  this  isolated  anticline  of  liower  Carboniferous 
rocks.  J.  P.  Ijesley,  in  his  account  of  this  region,*  describes  these 
faults  in  the  following  indefinite  way : 

**  In  Price  mountain,  between  Blacksburg  and  Chrietiansbuffi:,  the  two  coal-bedj», 
with  their  slatea  and  red  shale  formation  above  them,  have  been  curiously  let  down, 
still  in  an  anticlinal  form,  between  two  faulte,  so  ai»  to  be  inclosed  between  twu 
valleys  of  Lower  Silurian  limestone." 

He  also  gives  a  cross-section  through  Price  mountain,  drawn  in  accord- 
ance with  the  above  description,  but  he  fails  to  explain  the  peculiar  end- 
ing of  the  formations,  both  east  and  west,  and  the  singular  fact  that  the 
red  shale  is  in  contact  with  the  limestones  around  the  entire  margin,  an 
occurrence  that  could  hardly  be  produced  by  the  kind  of  faulting  de- 
scribed. 

W.  M.  Fontaine  has  given  a  more  detailed  description  of  this  moun- 
tain, but  seems  equally  at  a  loss  to  account  for  its  peculiar  structure- 
He  describes  it  as  follows :  f 

"The  structure  of  this  field,  which  bears  the  name  of  Price  mountain,  is  one 
of  the  most  curious  products  of  the  force  which  has  produced  the  numerous  faults 
in  this  region.  .  .  .  The  field  seems  to  be  a  prism  of  Vespertine  strata,  en- 
gulfed by  a  double  fault  in  the  limestone,  with  its  eastern  end  tipped  lower  than 
the  middle  and  western  portions.  The  dip,  of  course,  is  nearly  north  and  south, 
away  from  the  crest,  and  toward  the  limestone. 

**  The  amount  of  contortion  and  rubbing  exhibited  by  the  strata  is  surprisinjrly 
small.  The  roof  and  floor  of  the  openings  made  are  as  uniform  and  smooth  B£ 
those  of  our  upper  coals  of  the  West.  As  a  consequence,  the  coal  is  worked  with 
ease,  and  unlike  that  of  Bnish  mountain,  two  miles  off,  shows  but  little  rubbing, 
and  may  be  taken  out  in  blocks  of  any  size." 

J.  J.  Stevenson!  gives  a  similar  description  of  the  structure  of  Pria^ 
mountain,  but  does  not  add  anything  new  in  the  shape  of  a  suggestion 
as  to  the  origin  of  the  present  structure. 

The  foregoing  quotations  show  that  the  present  knowledge  regarding 
the  structure  of  the  mountain  is  very  indefinite,  and  that  the  solutions 
proposed  are  without  that  full  knowledge  of  the  details  which  can  only 
be  obtained  by  careful  mapping. 

•  Am.  Philoa.  Soc.  Proc,  vol.  ix,  p.  37. 

t  Am.  Jour.  Sci.,  third  series,  vol.  xlli,  pp.  117-118. 

X  Am.  Philos.  Son.  Proc,  vol.  xxiv,  p.  69. 
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The  structure  of  Price  mountain  was  quite  carefully  studied  by  the 
writer,  and  but  two  explanations  seemed  at  all  applicable  to  account  for 
the  present  anomalous  structure. 

Its  Formation  by  Faulting  discussed. — The  phenomena  described  can 
be  accounted  for  by  feulting  in  only  one  way,  and  that  is  by  a  broad, 
flat  overthrust,  such  as  are  common  in  the  extreme  southern  Appa- 
lachian and  have  been  described  before  this  society  by  C.  W.  Hayes  *  In 
such  a  case  it  is  reasonable  to  conclude  that,  in  common  with  all  such 
known  overthrusts,  the  mass  overthrust  must  have  come  from  the  south- 
east ;  but  from  where  in  the  southeast  could  such  a  mass  have  come  ? 
This  is  the  last  known  exposure  of  these  rocks  in  that  direction,  and  it 
is  difficult  to  conceive  from  whence  this  mass  could  have  been  thrust 
Again,  while  it  is  just  possible  that  in  an  overthrust  of  this  kind  one 
horizon  only  of  the  overthrust  mass  should  come  in  contact  with  the 
strata  underneath,  it  is  decidedly  improbable  and  certainly  militates 
against  such  an  origin.  Lastly,  the  contact  phenomena,  as  far  as  they 
were  observed,  do  not  resemble  fault  phenomena,  for  in  this  type  of 
faulting  there  are  generally  places  where  the  different  rocks  can  be  seen 
in  close  proximity  if  not  in  actual  contact,  and  in  all  such  cases  the 
formations  in  contact,  if  they  be  soft  and  yielding  beds,  show  great  con- 
tortion. This  should  be  especially  marked  in  this  case,  for  the  over- 
lying beds  are  very  soft,  and  a  thrust  of  this  extent  must  necessarily 
have  crumpled  them  very  much ;  yet  the  red  shales  are  perfectly  regular 
and  show  no  greater  dip  nor  greater  irregularity  near  the  line  of  uncon- 
formity than  in  the  interior  of  the  area.  At  the  only  point  where  the 
beds  near  the  line  of  contact  were  seen  the  red  shales  had  the  regular 
outward  dip  due  to  the  anticlinal  fold,  but  the  limestones  beneath  were 
much  contorted,  due  probably  to  earlier  folding. 

The  condition  of  the  coal-beds  in  Price  mountain  as  described  by 
Fontaine  is  still  further  evidence  against  faulting  of  any  kind,  for  if 
such  violent  overthrusts  as  are  required  to  produce  this  structure  had 
actually  occurred,  the  softer  members  of  the  series  would  have  certainly 
shown  some  effects  of  the  force.  An  isolated  mass  like  Price  mountain, 
thrust  into  its  present  position,  would  have  suffered  much  worse  than 
Brushy  mountain,  which  is  simply  a  portion  of  a  faulted  syncline.  Al- 
together the  evidence  does  not  seem  to  sustain  the  theory  of  faulting 
unless  the  conditions  attending  the  faulting  were  almost  abnormal  and 
decndedly  improbable. 

Its  Formation  by  unconformable  Deposition  discussed. — The  peculiar 
relation  of  the  sandstones  and  shales  of  Price  mountain  to  the  adjacent 
linrieBtone  suggests  the  possibility  of  an  overlap  of  these  Lower  Carbonif- 


•  OTerthrast  Faulis  of  the  Southern  Appalachian,  Bull.  Oeal.  Soc.  of  Am.,  vol.  2,  pp.  141-154. 
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erous  sediments  upon  the  limestone.  This  hypothesis  agrees  better  with 
the  known  facts  than  any  theory  of  &,ulting  yet  proposed.  The  condi- 
tion necessary  for  such  a  deposition  is  a  depression  in  the  limestone 
along  the  axis  of  what  is  now  Price  mountain  and  the  occupation  of 
this  depression  by  probably  an  arm  of  the  sea.  When  this  depression 
occurred  and  whether  there  are  other  formations  below  the  Price  sand- 
stone of  course  can  only  be  conjectured,  but  it  seems  probable  that  the 
sedimentation  in  this  basin  was  limited  to  Carboniferous  times.  In  this 
depression,  formed  by  local  folding  of  the  strata,  the  original  mantle  of 
soil  would  probably  be  preserved  and  the  newly  deposited  material 
would  be  laid  down  upon  it.  This  sedimentation  culminated  with  the 
deposition  of  the  Pulaski  shale ;  consequently  today  around  the  margin 
we  find  an  unbroken  layer  of  this  shale  in  contact  with — not  the  lime- 
stone but  the  limestone  soil  that  had  been  formed  previous  to  the  subsi- 
dence. The  elevation  that  closed  the  period  of  sedimentation  in  this 
basin  must  have  occurred  immediately  after  the  Pulaski  shale  was  de- 
posited, for  it  seems  hardly  possible  that  any  later  formation  was  deposited 
on  this  area  and  subsequently  eroded,  for  in  such  a  case  either  there 
would  be  found  remnants  of  that  formation  or  the  red  shales  would  have 
been  cut  away  by  the  great  erosion  necessary  to  remove  its  cover.  So 
the  period  of  elevation  and  probable  folding  would  appear  to  have  been 
contemporaneous  with  the  formation  of  the  Carboniferous  limestone  over 
the  adjoining  areas,  and  from  the  same  fact  its  eflFect  would  seem  to  have 
been  local  and  of  short  duration. 

There  is  an  apparent  difficulty  in  the  way  of  accepting  this  hypothesis, 
and  that  is  in  the  character  of  the  sediments  found  in  the  diflFerent  basins. 
The  strata  in  Price  mountain  cannot  be  distinguished  from  those  of  Brushy 
mountain  or  the  area  west  of  Pulaski.  This  would  seem  to  indicate  a 
continuous  deposit  over  the  entire  area  rather  than  deposition  in  local 
basins.  Again,  the  entire  absence  of  so-called  shore  phenomena,  such 
as  conglomerates  and  other  coarse  sediment  is  particularly  noticeable- 
While  it  is  impossible  for  us  to  restore  the  exact  conditions  under  which 
these  sediments  were  deposited,  we  are  safe  in  assuming  that  the  imme- 
diate land-area  was  composed  of  the  Shenandoah  limestone,  and  in  all 
probability  would  soon  be  reduced  to  baselevel,  and  then  would  be  a 
neutral  element  in  the  question  of  sedimentation ;  the  sands  and  clays 
washed  down  by  the  streams  would  furnish  the  material,  and  under  such 
conditions  the  sea  margin  would  be  free  from  cliffs,  and  so  the  strata 
then  forming  would  be  free  from  conglomerates  and  all  coarse  sediments, 
except  sandstone,  deposited  by  the  ocean  currents ;  but  the  whole  ques- 
tion of  sedimentation  is  at  present  in  a  state  of  such  obscurity  that  it  is 
almost  impossible  to  say  what  should  and  what  should  not  have  been 
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the  character  of  the  sedimente  deposited  in  these  basins,  and  this  is 
especially  true  when  we  know  so  little  of  their  source  and  the  attitude  of 
the  land  surface  from  whence  they  were  derived.  In  the  opinion  of  the 
writer  the  evidence  favoring  an  overlap  vastly  overbalances  the  negative 
evidence  derived  from  the  sedimentation. 

Ingles  and  Beninger  Mountains. — These  mountains  have  a  structure 
and  history  similar  to  Price  mountain.  Like  it,  they  are  surrounded  by 
the  Shenandoah  limestone,  or  rather  rest  upon  it  unconforraably,  for 
their  measures  are  entirely  of  Devonian  age,  and  the  interval  must  repre- 
sent a  great  time-break. 

Ingles  mountain  is  a  small  double  ridge  south  of  Radford  and  on  the 
south  side  and  parallel  to  the  old  *^  Rock  road."  It  is  composed  of  a 
sandstone  which  appears  to  be  interbedded  with  the  Walker  black  shales 
and  presents  the  same  evidence  of  overlap  as  does  Price  mountain- 
It  has  been  lifted  into  an  anticline  in  the  same  manner,  and  now  the 
crown  of  the  arch  is  cut  through,  leaving  two  nearly  parallel  ridges  of 
sandstone,  dipping  moderately  away  from  the  axis  in  either  direction. 
At  their  western  extremity,  on  the  bank  of  New  river,  these  two  unite 
around  the  end  of  the  anticline  and  make  a  conspicuous  showing  in  the 
cliffs  of  the  river.  The  sediments  in  this  supposed  basin  correspond 
much  better  with  our  ideas  of  shore  deposits,  for  the  sandstone  forming 
Ingles  mountain  is  heavier  near  New  river  and  apparently  thins  eastward 
to  but  a  few  feet  in  a  distance  of  five  miles,  and  presumably  in  the  direc- 
tion of  the  open  sea.  East  of  Ingles  mountain  the  "  Rock  road  "  crosses 
this  belt  of  Walker  black  shale,  leaving  the  main  mass  on  the  northern 
side  of  the  road. 

Berringer  mountain  is  formed  by  the  Kimberling  shales,  which  come 
in  on  the  northern  side  of  the  area.  Its  eastern  termination  was  not 
worked  out ;  so  that  at  present  it  is  impossible  to  state  definitely  whether 
the  line  of  contact  along  the  northern  face  of  Berringer  mountain  is  a 
fault  or  a  line  of  overlap,  but  it  appears  to  be  a  fault. 

Cambrian  Area  at  Peppers  Ferry. — Between  Price  and  Berringer  moun- 
tains the  limestone  is  greatly  disturbed,  and  several  areas  of  Cambrian 
CCiraysonton)  shale  occur.  One  of  these  areas  was  found  along  New 
river  just  above  Peppers  ferry,  five  miles  below  Radford.  This  was 
not  examined  thoroughly,  but  the  contact  on  the  south  between  the  pur- 
ple shales  and  the  Shenandoah  is  thought  to  be  a  normal  boundary, 
while  on  the  northern  side  of  the  area  there  are  some  heavy  quartzites 
in  direct  contact  with  the  limestone.  Whether  this  is  an  overlap  or  a 
feult  could  not  be  determined.  An  interesting  fact  in  connection  with 
thia  Cambrian  area  is  the  great  amount  of  limestone  conglomerate  to  be 
I'mnd  in  its  immediate  vicinity ;  especially  on  its  northern  side  the  con- 
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glomerate  is  very  heavy,  forming  a  cliff  just  below  Peppers  ferry  forty 
or  fifty  feet  high.  The  key  to  this  structure  will  probably  be  found  along 
the  railroad  in  the  direction  of  Christiansburg,  where  the  structure  is 
evidently  quite  complex. 

Syndine  of  Sevier  Shale  south  of  Radford, — South  of  Ingles  mountain 
there  is  a  shallow  syncline  of  Sevier  shale  lying  perfectly  conformable 
to  the  limestones  beneath.  The  presence  of  this  remnant  of  shale  does 
not  make  it  positive  that  the  formation  was  originally  deposited  over 
this  entire  region  and  then  eroded  before  the  later  overlaps  occurred- 
True  this  would  be  the  natural  and  reasonable  supposition  if  it  were  not 
for  the  presence  of  a  conglomerate  near  the  top  of  the  Shenandoah  lime- 
stone. This  occurs  in  many  places  between  this  area  and  the  edge  of  the 
great  Carboniferous  formations  on  the  northwestern  side  of  the  valley. 
Near  Pearisburg,  in  Giles  county,  this  conglomerate  is  finely  exposed  in 
the  bed  of  Stony  creek,  showing  the  regularly  bedded  limestone  alt^^r- 
nating  with  beds  of  heavy  conglomerate.  This  conglomerate  has  a 
calcareous  matrix  and  pebbles  of  sandstone,  quartzite,  vein  quartz  and 
chert,  some  of  which  are  four  inches  in  diameter  and  generally  flat  and 
well  worn.  This  certainly  points  to  shore  conditions  near  this  locality; 
but  the  conglomeratic  phase  is  widespread,  and  would  seem  to  indicate 
numerous  shorelines,  possibly  an  archipelago  with  structural  islands  of 
limestone,  from  which  the  cherty  material  was  obtained.  If  such  condi- 
tions as  this  prevailed  on  the  northern  side  of  the  great  Appalachian 
valley,  it  certainly  is  not  unreasonable  to  suppose  that  similar  processes 
were  going  on  here,  and  that  this  small  area  of  Sevier  shale  may  be  but 
a  deposit  in  a  narrow  structural  basin  and  no  contemporaneous  deposit 
occurred  over  the  limestone  areas  adjacent. 

Pidaskl'Max  Meadows  Area:  Overlap  north  of  Pulaski. — From  Rad- 
ford to  Pulaski  no  trace  of  this  peculiar  structure  could  be  found.  The 
country  is  entirely  limestone,  still  badly  contorted.  In  the  vicinity 
of  Pulaski  there  are  well  shown  the  same  structural  features  which 
have  already  been  described  in  Price  mountain.  Northwest  of  Pu- 
laski there  is  an  anticline  whose  axis  trends  approximately  east  and 
west,  and  which,  as  it  extends  westward,  brings  up  successively  lower 
and  lower  formations.  North  of  Wytheville  the  lowest  formation  ex- 
posed is  the  Sevier  shale,  while  at  the  Wythe-Pulaski  line  the  Kimberling 
shale  is  the  lowest  meinber.  This  formation  forms  a  point  about  three 
miles  northwest  of  Pulaski,  and  the  Price  sandstone  encircles  this  point 
with  a  range  of  knobs  called  the  Peak  hills.  These  hills  are  cut  off  near 
the  Altoona  coal  mine  by  the  Walker  Mountain  fault,  but  they  are 
in  contact  with  the  same  sandstones  of  Little  Walker  or  Brushy  moun- 
tain.    Around  the  margin  of  this  formatiitn  the  Pulaski  red  shales  are 
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found  in  a  crescentic  line  of  outcrop,  and  like  Price  mountain  they  are 
everywhere  in  contact  with  the  Shenandoah  limestone,  or  rather  the  soil 
derived  from  that  limestone,  for  in  no  place  was  the  actual  contact  ob- 
served. Everywhere  along  this  line  from  Pulaski  to  the  Walker  moun- 
tiun  fault  the  contact  is  marked  by  a  belt  of  level  land  in  which  no 
exposures  are  to  be  found  and  the  surface  is  composed  entirely  of  a 
light  gray  limestone  soil  somewhat  covered  by  overwash  from  the  red 
shale.  At  Pulaski  the  formation  comes  to  an  abrupt  end,  whether  from 
non-deposition  or  from  erosion  it  is  impossible  to  determine.  North  of 
Pu]aski  the  structure  is  very  simple,  being  a  broad  anticlinal  point,  with 
light  dips  in  every  direction  away  from  the  axis. 

Overlap  south  of  Pulaski. — From  Pulaski  to  Draper  mountain  the 
strata  are  quite  sharply  upturned  and  strike  directly  against  the  lime- 
stone along  the  line  of  contact ;  this  has  the  appearance  of  a  line  of 
overlap  along  which  there  has  been  considerable  movement  since  the 
deposition  of  the  Carboniferous  sediments.  How  far  the  strata  south  of 
Pulaski  have  been  thrust  upon  the  limestone  by  this  fault  it  is  impos- 
sible to  determine.  This  disturbance  has  folded  and  broken  the  beds,  so 
that  erosion  has  been  quite  active,  and  doubtless  much  of  the  overlying 
strata  has  been  removed,  so  that  originally  the  Pulaski  shale  may  have 
extended  several  miles  further  east  than  it  shows  today. 

The  line  of  unconformity  from  Draper  mountain  to  Brushy  mountain 
has  been  regarded  as  a  line  of  faulting  by  all  who  have  described  it,  but 
apparently  upon  the  grounds  of  an  unconformity  rather  than  from  any 
observed  evidence  of  faulting  either  in  the  actual  line  of  contact  or  its 
relation  to  other  structural  features  of  the  region.  South  of  Pulaski 
there  is  evidence  of  some  faulting  along  the  line  of  conta^-.t,  but  north 
of  the  town  the  writer  could  see  no  evidence  of  such  a  thrust  as  would 
be  necessary  to  produce  the  phenomena  presented.  These  phenomena 
are  identical  with  those  observed  on  Price  mountain  and  point  to  a 
(H)mmon  cause,  which  the  writer  believes  is  the  unconformable  deposition 
of  the  Carboniferous  strata  upon  the  contorted  Shenandoah  limestone. 

S}Ticline  west  of  Pulaski. — West  of  Pulaski  the  strata  dip  regularly 
southward  from  the  Peak  creek  hills  with  an  average  dip  of  30°  into  a 
broad,  flat  syncline  whose  axis  is  approximately  along  the  line  of  the 
railroad. 

Faulted  Anticline  south  of  Max  Meadows. — South  of  this  axis  the 
strata  again  rise  to  the  faulted  anticline  on  the  northern  slope  of  Draper 
mountain,  where  the  lowest  stratum  exposed  is  the  Walker  black  shale, 
occurring  at  the  eastern  end  of  the  mountain  and  lying  in  direct  contact 
with  the  Clinch  sandstone.    This  anticline  terminates  westward  in  the 
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hilly  r^ion  just  south  of  Max  Meadows,  where  the  core  of  the  arch  is 
composed  of  the  Kimberling  shale.  West  of  Hamilton  knob  the  Price 
sandstone  comes  in  on  the  southern  side  of  this  anticline,  forming  a 
curious  cross-ridge  of  quartzite  running  from  near  Hamilton  knob  to 
Max  Meadows.  This  anticline  is  completely  bordered  by  Shenandoah 
limestone  from  west  of  Hamilton  knob  around  through  Max  Meadows 
and  eastward  to  Clarks  summit,  which  is  the  easternmost  extension  of 
the  limestone.  This  boundary  has  many  features  common  to  the  lines 
of  unconformity  already  described,  so  that  it  is  regarded  as  a  line  of 
overlap,  but  near  Max  Meadows  it  also  shows  considerable  disturbance, 
which  indicates  movement  along  the  plane  of  juncture. 

Relation  of  Shenandoah  Limestone  to  Devonian  Shales  on  Hamilton 
Knob. — In  the  vicinity  of  Hamilton  knob  there  are  some  isolated  out- 
crops of  limestone  that  probably  afford  more  positive  evidence  of  the 
unconformable  deposition  of  the  Devonian  and  Carboniferous  sediments 
upon  an  irregular  surface  of  the  Shenandoah  limestone  than  any  other 
yet  found. 

A  few  years  since,  when  the  great  wave  of  mineral  development  swept 
over  the  South,  a  company  was  organized  to  develop  the  deposit  of  iron 
ore  that  accompanies  this  interesting  exposure  of  limestone.  A  furnace 
and  rolling  mill  were  built  at  Max  Meadows,  a  narrow-gauge  road  con- 
structed across  the  Devonian  hills  to  this  locality,  extensive  washers 
erected  and  mining  begun  on  quite  an  extensive  scale.  Unluckily  the 
deposit  was  found  to  be  of  quite  a  limited  extent  and  the  ore  lean,  so 
that  the  boom  soon  collapsed  without  accomplishing  anything  in  a  com- 
mercial way,  except  sinking  a  large  amount  of  money.  The  excavations 
made  in  their  search  for  ore  have  proved  of  great  value  to  the  geologist, 
for  they  afford  him  exposures  of  rock  and  contact  phenomena  that 
otherwise  would  have  been  impossible  to  obtain. 

This  area  of  limestone,  marked  Z  on  the  map,  is  located  on  the  brushy 
spurs  of  Hamilton  knob  probably  200  feet  above  the  stream  draining 
the  area.  A  north  and  south  section  through  this  exposure  shows  a 
normal  condition  of  the  country  rocks  that  is  an  exact  counterpart  of 
the  section  further  west  where  the  creek  cuts  the  outer  ridge.  North  of 
the  limestone  is  the  slightly  disturbed  sandy  shales  belonging  to  the 
upper  Devonian,  while  on  its  southern  side  and  directly  in  contact  is 
a  characteristic  dark  fissile  shale,  slightly  fossiliferous,  agreeing  with  a 
similar  shale  that  shows  in  the  gap  of  the  ridge  west  of  the  limestone 
and  lies  just  below  the  heavy  Price  sandstone.  In  the  ore  banks  at  the 
limestone  outcrop  these  shales  are  considerably  crushed  and  disturbed, 
and  a  little  higher  on  the  slopas  of  Hamilton  knob  the  heavy  Price  sand- 
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stone,  much  contorted  and  apparently  broken  up,  shows  also.  It  is  not 
continuous  to  the  westward  with  the  sandstone  showing  in  the  creek 
section,  because  the  main  fault  has  here  cut  it  out  for  a  short  distance. 
The  correspondence  between  the  two  sections  is  so  close  that  there  can 
be  no  question  about  the  sequence.  Everything  is  normal  except  the 
limestone,  and  all  the  evidence  goes  to  show  that  this  is  a  projecting  boss 
that  rises  from  below  and  now  appears  to  penetrate  the  shales.  This 
limestone  was  examined  by  McCreath  and  d'Invilliers  *  in  connection 
with  the  ore,  and  was  pronounced  by  them  to  be  of  Carboniferous  age, 
but  they  neglect  to  state  the  evidence  upon  which  they  based  their 
statement. 

The  outcrop  was  examined  by  the  writer  quite  carefully  in  order  to 
obtain  some  definite  evidence  as  to  its  age,  but  no  fossils  were  found.  It 
is  a  gray  siliceous  limestone,  in  places  quite  crystalline,  and  is  certainly 
cherty,  for  there  were  found  in  the  clay  resulting  from  the  disintegration 
of  the  limestone,  along  the  line  of  contact,  badly  decomposed  cherts.  In 
almost  all  respects  it  resembles  the  Shenandoah  limestone,  but  does  not 
bear  any  resemblance  to  the  Carboniferous  limestone.  The  ore  is  found 
in  pockets  and  small  particles  scattered  through  the  clay.  Altogether 
the  evidence  is  regarded  as  conclusive,  and  determines  this  limestone  to 
be  the  Shenandoah.  The  appearance  in  the  ore-pit  confirms  this  view, 
as  the  limestone  appears  to  descend  indefinitely,  with  a  wall  of  shale  on 
either  side  rising  at  least  50  feet  above  the  lowest  exposure  of  limestone; 
so  that  the  writer  came  to  the  conclusion  that  it  was  a  projecting  boss  of 
limestone,  around  which  the  Devonian  shales  had  been  deposited,  and 
the  presence  of  iron  ore,  occurring,  as  it  almost  invariably  does,  on  the 
southern  side  of  the  limestone,  probably  marks  an  old  soil  of  residual 
clay  from  which  the  iron  has  segregated.  It  is  true  that  in  the  move- 
ments which  have  since  taken  place  a  great  amount  of  crushing  has 
occurred  along  the  line  of  contact,  but  this  in.no  way  afifects  the  evidence. 
A|;ain,  about  a  mile  due  north  of  this  area  another  of  these  limestones, 
marked  Y  on  the  map,  was  found,  only  here  it  is  free  from  ore  and  is  a 
much  larger  exposure.  It  has  all  the  characteristics  of  the  Shenandoah 
limestone,  but  rises  ou(  of  the  Devonian  shales  in  a  narrow  exposure, 
probably  three-quarters  of  a  mile  long  and  not  more  than  200  feet  in 
width.  Both  of  these  exposures  have  their  longer  axis  on  a  line  almost 
due  north  and  south  and  coincident,  so  that  it  has  the  appearance  of  a 
narrow  fold  in  the  Shenandoah  limestone,  parts  of  which  were  eroded, 
leaving  isolated  exposures  on  a  line  from  Hamilton  knob  to  Clarks 
summit    At  the  latter  place  the  limestone  is  again  exposed,  and  again 

*The  New  River-Cripple  Creek  Mineral  Region  of  Virginia,  p.  141. 
XXV— Bobf..  Gbol  Soc.  Am.«  Vol..  6.  1893. 
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has  ore  been  mined  on  its  southern  margin,  but  this  area  is  connected 
now  to  the  westward  with  the  great  limestone  belt  at  Max  Meadows. 
Before  leaving  the  subject  of  these  isolated  bosses  of  lower  limestone  the 
writer  wishes  to  call  attention  to  another  such  area,  marked  X  on  the 
map.  This  the  writer  did  not  see  personally,  but  from  the  description 
of  his  assistant  judges  it  to  be  of  the  same  character  as  those  already  de- 
scribed— a  limestone  boss  projecting  through  the  highest  members  of  the 
Devonian  shale. 

The  limestone  area  reaching  from  Max  Meadows  to  Clarks  summit 
appears  to  have  been  considerably  disturbed  and  possibly  &ulted,  but 
not  to  any  K^eat  extent,  but  along  its  northern  margin  the  rocks  are 
very  regular  west  of  Clarks  summit.  The  red  shales  are  there  in  con- 
tact with  the  limestone  throughout  a  very  sinuous  line  of  outcrop,  and 
owing  to  a  slight  wrinkle  in  the  sandstone  they  project  far  into  the  area 
of  sandstone  north  of  Max  Meadows.  South  of  this  point  of  red  shale 
there  is  an  anticline  of  sandstone,  around  the  eastern  end  of  which  the 
red  shale  \&  wanting,  either  through  non-deposition  or  through  subse- 
quent erosion.  Again  it  comes  in  on  the  southern  side  of  the  anticline 
in  contact  with  the  limestone,  but  does  not  continue  far  to  the  westward 
before  it  disappears  altogether.  This  disappearance  is  possibly  due  to 
&ulting,  as  a  fault  of  considerable  magnitude  occurs  on  this  line  further 
west. 

Draper  Mountain. — The  structure  of  this  mountain  is  very  simple,  be- 
ing a  regular  syncline  of  Upper  Silurian  rocks,  the  southern  limit  of  which 
is  faulted  off.  The  details  of  structure  about  the  western  end  or  Ham- 
ilton knob  were  not  worked  out,  but  are  apparently  simple.  Through- 
out most  of  the  extent  of  the  mountain  this  entire  syncline  \a  faulted  on 
its  northern  side,  and  thrust  forward  or  northwestward  until  now  it  rests 
upon  the  anticline  of  Devonian  rocks,  the  Clinch  sandstone  being  in 
immediate  contact  with  the  Devonian  shale.  Around  the  eastern  end 
the  geology  was  worked  out  more  carefully.  Here  the  &ult  cuts  just 
below  the  Clinch  sandstone,  and  this  heavy  stratum  lies  upon  the  De- 
vonian black  shale,  which  occurs  above  the  highest  ore  pits  in  this 
vicinity.  Below  the  black  shale,  at  the  extreme  eastern  end,  there  is  no 
rock  visible ;  the  surface  is  a  debris-covered  slope  on  which  considerable 
iron  ore  has  been  found,  together  with  much  residual  chert  The  pres- 
ence of  chert  on  this  slope  makes  it  extremely  probable  that  the  lime- 
stone from  which  it  is  derived  belongs  to  the  Shenandoah,  but  the  out- 
crop is  so  deeply  covered  that  it  is  impossible  to  determine  its  limits. 
Here,  as  in  many  places  described,  this  line  of  unconformity  is  marked 
by  a  line  of  iron-ore  deposits,  and,  curiously  enough,  they  always  appear 
on  the  southeastern  margin  of  the  limestone  area. 
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In  conclusion,  the  results  of  this  work  may  be  briefly  stated  to  consist 
of  the  determination  of  the  existence  of  a  land-surface  in  this  portion  of 
the  valley,  from  the  beginning  of  the  Devonian  up  to  the  time  of  the 
deposition  of  the  Carboniferous  limestone.  This  necessarily  involves 
two  periods  of  disturbance ;  one  folded  the  lime- 
stones and  produced  the  basins  in  which  depo- 
sition took  place,  the  other  elevated  these  basins 
and  brought  to  a  close  the  period  of  sedimenta- 
tion, and  also  probably  folded  the  strata  into 
the  form  it  shows  today. 

The  establishment  of  these  two  periods  of  dis- 
turbance is  the  important  fact  which,  taken  in 
connection  with  other  well  established  periods 
of  overlaps,  shows  a  somewhat  regular  distribu- 
tion of  these  disturbances  throughout  Paleozoic 
time. 

The  earliest  period  known,  indicated  by  A  in 
figure  1,  is  that  which  occurred  in  lower  Cam- 
brian time,  and  is  represented  by  the  overlap  of 
Chilhowee  mountain.*  This  folding,  so  far  as 
known,  is  limited  to  a  narrow  zone  on  the  south- 
eastern side  of  the  valley,  and  is  probably  repre- 
sented in  this  vicinity  by  unconformities  in  Lick 
mountain,  a  few  miles  west  of  Max  Meadows. 

The  next  well  known  period  of  disturbance, 
marked  B,  occurs  near  the  top  of  the  Shenan- 
doah limestone,  and  it  has  been  referred  to  in 
this  paper  as  being  characterized  by  limestone 
conglomerate  throughout  a  wide  area,  and  par- 
ticularly so  on  Stony  creek,  Giles  county.  Lime- 
stone conglomerates  at  or  near  this  horizon  are  fiocbb  i.-Determined  Periods  o/ 
known  all  along  the  eastern  edge  of  the  valley  Appalachian  Folding. 

across  Tennessee,  but  have  never  been  described.     General  etratigraphic  column 

_^  .  jAii  1  ±       M  A^  -      showing  their  approximate  Po- 

In  Georgia  and  Alabama  a  conglomerate  at  this  ^uions  ,nd  roughly  indicating 
horizon  covers  a  j^rge  extent  of  country  and  has  their  occurrence  in  Paieoaoic 
been  briefly  described  by  C.  W.  Hayes.f  ^*'°** 

The  main  period  of  deformation,  marked  C,  treated  of  in  this  paper  is 
the  one  which  folded  the  limestones  and  produced  the  structural  basins 

•  Phil.  Soc.  of  Washington,  Bu!!.,  vol.  xii,  pp.  77-88.  Arthnr  Keith :  Geology  of  Chilhowee  Moun- 
tain in  Tennessee. 

t Geological  Surrey  of  Alabama,  Ball.  no.  4.  Report  on  the  Geology  of  Northeastern  Alabama 
ftod  adjacent  portions  of  Georgia  and  Tennessee,  pp.  42-43. 
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has  been  done  and  observations  extended,  with  the  result  that  I  find 
the  presence  of  intra-fonnational  conglomerates  a  not  uncommon  phe- 
nomenon, one  that  must  receive  the  attention  of  every  field  geologist 
working  in  the  Appalachian  region,  from  the  Saint  Lawrence  valley  in 
the  northeast  to  the  Cretaceous  boundary  of  the  Paleozoic  of  the  far 
southwest  in  Georgia  and  Alabama. 

Care  is  to  be  taken  that  intra-formational  breccias  are  not  confused 
with  the  intra-formational  conglomerates.  The  former  have  a  wide  geo- 
graphic distribution,  and  owe  their  origin  to  local  disturbance  within 
the  beds  affected,  without  presupposing  elevation  above  sealevel  and 
erosion. 

Intra-formational  Conglomerates. 

Definition  of  Term  and  Illusiration, — An  intra-formational  conglomerate 
is  one  formed  within  a  geologic  formation  of  material  derived  from  and 
deposited  within  that  formation.  An  illustration  occurs  in  the  old  lime- 
stone quarries  on  the  east  shore  of  the  Hudson,  below  Schodack  landing, 
Rensselaer  county,  New  York.  The  section  is  formed  of  thinly  beddeti 
limestone,  carrying  the  typical  Olenellus  fauna.  Toward  the  summit  of 
the  quarry  a  band  of  conglomerate  limestone  rests  conformably  on  the 
bedded  limestone.  Pebbles  and  fragments  of  several  varieties  of  lime- 
stone occur,  in  which  fragments  of  typical  species  of  the  Olenellus  fauna 
were  found.  The  conglomerate  band  varies  in  thickness  from  2  to  6  feet, 
and  it  is  capped  by  thinly  bedded  limestones  that  carry  the  same  species 
of  fossils  as  the  limestones  beneath  the  conglomerate  and  the  bowlders 
in  the  conglomerate.  It  shows  that  the  limestone  pebbles,  bowlders  and 
brecciated  fragments  were  formed  from  a  calcareous  sediment  sufficiently 
consolidated  to  be  broken  up,  more  or  less  rounded  by  attrition  and  col- 
lected to  form  a  bed  of  conglomerate,  the  matrix  of  which  is  usually 
calcareous.  This  section  clearly  proves  the  formation  of  conglomerate 
within  the  Lower  Cambrian  terrane,  the  materials  of  which  were  derived 
from  limestones  deposited  during  Lower  Cambrian  time. 

The  conglomerate  at  the  locality  described  is  not  as  clearly  marked  as 
some  in  the  Lower  Cambrian  terrane  of  Lancaster  and  York  counties, 
Pennsylvania,  and  in  the  conglomerates  at  the  base  of  the  great  Ocoee 
series  of  Tennessee.  The  limestone  conglomerates  of  the  Cambrian  and 
Ordovician  of  the  Saint  Lawrence  valley  are  not  typical  illustrations  of 
true  intra-formational  conglomerates,  but  I  shall  speak  of  them,  as  they 
appear  to  have  been  formed  under  somewhat  similar  conditions. 

Canadian  Localities. — Sir  W.  E.  Logan  has  graphically  described  the 
limestone  and  conglomerates  of  the  south  shore  of  the  Saint  Lawrence 
at  Trois  Pistoles,  Bic,  Metis,  the  vicinity  of  Quebec  and  the  west  coast  of 
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Newfoundland.*  During  the  summer  of  1889  I  had  an  opportunity  to 
examine  the  sections  of  the  Ordovician  and  Cambrian  rocks  in  the 
vicinity  of  Quebec,  and  I  was  very  much  impressed  by  the  mode  of  occur- 
rence of  the  limestone  conglomerates.  The  lowest  bed  of  conglomerate 
occurs  in  the  Sillery  shales,  on  the  south  shore  of  the  Saint  Lawrence 
below  I^vis,  and  on  the  south  shore  of  the  island  of  Orleans.  The  lime- 
stone bowlders  show  transportation,  and  are  mingled  with  pebbles  of 
(|uartz,  sandstone,  et  cetera.  The  Olenellus  fauna  occurs  abundantly  in 
the  fragments  of  limestone,  but  the  source  of  the  limestone  is  unknown. 
It  is,  however,  of  Cambrian  age,  and  it  has  been  redeposited  about  1,500 
feet  from  the  summit  of  the  series  of  shales,  sandstones,  et  cetera,  that 
are  referred  to  the  Cambrian.f 

The  lower  bed  of  limestone  conglomerate  at  Point  Levis  occurs  near 
the  base  of  the  Ordovician,  in  the  Point  Levis  shale.  It  is  made  up  of 
large  and  small  bowlders  of  limestone,  carrying  the  Upper  Cambrian 
fauna,  that  are  embedded  in  the  limestone  matrix  in  which  occurs  the 
typical  Calciferous  fauna.  The  matrix  is  a  hard,  gray,  impure  limestone 
which  forms  solid  layers  that  were  traced  for  over  500  feet  on  the  strike. 
As  in  the  case  of  the  limestone  bowlders  carrying  the  Olenellus  fauna, 
the  origin  of  the  bowlders  carrying  the  Upper  Cambrian  fauna  is  un- 
known, as  no  beds  of  limestone  of  a  similar  character  have  been  found 
in  the  Sillery  shales  upon  which  the  Ordovician  shales  and  interbedded 
conglomerate  rest.  The  matrix  of  the  conglomerate  proves  the  forma- 
tion to  be  of  lower  Ordovician  age.  In  a  bed  of  limestone  fifty  feet  higher 
up  in  the  section  I  found  additional  species  of  the  Calciferous  fauna,  and 
in  a  bed  of  limestone  conglomerate  above  this  the  fossils  in  the  bowlders 
and  in  the  matrix  as  well  are  of  Calciferous  age.  In  a  search  of  two  days 
I  failed  to  find  a  Cambrian  fossil  at  this  horizon,  although  such  an  occur- 
rence might  be  anticipated  from  the  occurrence  of  the  older  limestones 
in  the  conglomerates  beneath.  This  second  band  of  conglomerate  in  the 
Levis  series  appears  to  be  a  true  intra-formational  conglomerate.  The 
limestone  conglomerates  embedded  in  the  shales  and  shaly  limestones 
beneath  the  city  of  Quebec  are  of  much  less  stratigraphic  importance 
than  are  those  at  Point  Levis ;  but  the  same  conditions  of  deposition 
appear  to  have  existed  during  the  formation  of  these  rocks  of  middle 
Ordovician  (Chazy-Trenton)  time. 

Vermont  and  New  York  Localities. — In  the  passage  beds  between  the 
Cambrian  and  Ordovician  east  of  Highgate  springs,  Franklin  county, 
Vermont,  layers  of  limestone  conglomerate  occur,  some  of  the  fragments 
of  which  carry  the  lower  Ordovician  fauna.    The  horizon  of  the  con- 


•  Geology  of  Canada,  1863,  pp.  227,  260-261. 
t  Am.  Jour.  Sci.,  vol.  xxxiv,  1890,  pp.  112-113. 
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glomerate  appears  to  be  within  the  range  of  this  fauna,  and  points  to  an 
intra-formational  origin. 

The  type  that'  has  already  been  described  as  occurring  at  Schodack 
landing,  New  York,  has  been  observed  at  many  localities  to  the  north, 
in  Washington  county,  New  York,  where  it  itf'a  common  feature  of  the 
Lower  Cambrian  terrane. 

Pennsylvania  Localities, — The  succession  of  Cambrian  rocks  in  York 
and  Lancaster  counties,  Pennsylvania,  is  very  clearly  defined.  A  mas- 
sive quartzite  is  succeded  by  shales,  and  then  a  massive  bedded,  more 
or  less  silicious  limestone  that  varies  in  color  and  composition  in  iL< 
several  beds.  This  massive  bed  of  limestone  is  succeeded  in  numerous 
instances  by  beds  of  limestone  conglomerate  which  are  interbedded  in 
more  or  less  thinly  bedded,  somewhat  shaly  limestones.  One  of  the 
most  clearly  defined  sections  is  exposed  at  Bellemont,  Lancaster  county? 
on  the  line  of  the  Pennsylvania  railroad.  The  massive  blue  and  white 
Cambrian  limestones  are  succeeded  by  a  few  feet  of  a  blue,  earthy  lime- 
stone and  shale,  and  upon  this  there  is  a  bed  of  limestone  conglomerate, 
from  eight  to  ten  feet  in  thickness,  that  is  made  up  largely  of  pebbles 
and  bowlders  of  limestone  derived  from  the  limestone  beds  beneath.  A 
second  bed  of  conglomerate  is  seen  on  the  roadside  to  the  north. 

About  40  miles  west  of  Bellemont,  at  Stoners  station,  on  the  York 
and  Wrightsville  railroad,  York  county,  Pennsylvania,  an  extensive  ex- 
posure of  the  Lower  Cambrian  limestones  and  conglomerate  is  beauti- 
fully shown  in  an  old  quarry  just  east  of  the  wagon-road,  one-fourth  of 
a  mile  north  of  the  railroad  track.  Alternating  bands  of  thinly  bedded 
limestone  and  massive  beds  of  limestone  conglomerate  form  about  100 
feet  of  the  exposed  section,  in  which  five  beds  of  the  conglomerate  lime- 
stone are  well  shown.  The  basal  bed  has  a  fine  grained,  gray  limestone 
matrix  with  brecciated  limestone  fragments  in  it  which  range  in  size 
from  that  of  small  shot  to  masses  three  feet  in  diameter.  These  pebbles 
and  bowlers  vary  in  lithologic  character,  some  resembling  the  matrix 
and  others  being  oolitic,  arenaceous,  semi-marbleized  and  shaly  lime- 
stones. The  thinly  bedded  limestones  separating  the  conglomerate  bands 
are  from  four  to  six  feet  in  thickness,  and  are  very  clearly  defined. 

In  the  second  band,  of  conglomerate  the  larger  bowlders  occur  in  the 
lower  portion.  The  other  three  beds  vary  in  details,  but  they  are  all 
formed  of  the  same  type  of  rock.  One  of  the  upper  beds  contains  a 
multitude  of  small  fragments  of  limestone.  It  was  impracticable  to  ob- 
tain a  photograph  of  the  basal  beds,  which  contain  the  largest  bowlders?. 
Plate  5  illustrates  the  evenly  bedded  limestones  above  and  beneath  the 
third  band,  and  also  shows  the  character  of  some  of  the  limestone  bowl- 
ders.    In  the  shaly  limestone  at  the  base  of  this  bed,  a  large  bowlder* 


CO* 

a> 

00 


O 

> 


< 

d 
o 

CO 

J 
o 

liJ 

o 


m 


UJ 

S    > 

O    I- 

g§ 

CS     o 


»_    op 

CO     uj 

z  p 


ui    o 


5    I 

«   I- 

92 
2g 


CHAKACTEBISTICS  OF   EXPOSURES   EXAMINED.  195 

two  feet  or  more  in  diameter,  is  entirely  embedded  in  the  shaly  lime- 
stone. This  bowlder,  as  shown  in  plate  6,  was  evidently  deposited  on 
the  bed  of  the  sea  and  the  calcareous  mud  gathered  quietly  about  it- 
At  about  the  same  horizon,  in  a  quarry  on  the  east  side  of  York,  a  mas- 
sive bed  of  limestone  conglomerate  is  beautifully  shown.  A  photograph 
of  it  is  reproduced  as  plate  7. 

The  quartzites,  shales  and  limestones  beneath  these  beds  of  conglom- 
erate are  known  to  carry  the  Lower  Cambrian  or  Olenellus  fauna ;  and 
the  same  fauna,  with  the  exception  of  details  of  variation  of  species, 
occurs  in  the  limestones  and  shales  above  the  conglomerates,  thus  plac- 
ing the  latter  within  the  definition  of  intra-formational  conglomerates. 

Virginia  Loccditiea, — Mr  M.  R.  Campbell  *  informs  me  that  in  the  vicinity 
of  Radford,  Virginia,  there  is  a  formation  that  appears  to  be  a  true  intra- 
formational  conglomerate.  He  states  that  it  is  in  the  great  Cambro- 
Silaiian  limestone,  and  consists  of  a  yellowish  white,  chalky  limestone 
matrix,  in  which  are  embedded  rounded  fragments  of  limestone  that 
are  similar  in  composition  to  the  matrix,  and  that  can  only  be  distin- 
guished from  it  with  difficulty.  A  few  small  grains  of  foreign  material 
were  observed.  The  exact  stratigraphic  horizon  could  not  be  determined, 
owing  to  the  complexity  of  the  structure  and  the  poor  exposures.  Two 
miles  below  Radford  the  actual  contact  was  observed  between  the  con- 
glomerate and  the  bedded  limestone,  where  the  former  rests  on  the  cut 
edges  of  the  folded  limestones  beneath.  Mr  Campbell  believes  this  in- 
dicates shore  conditions,  contortion  of  the  limestone  deposits  and  their 
elevation  above  sealevel,  to  form  cliffs  that  supplied  material  for  later 
beds  of  the  same  great  formation. 

Another  case  of  this  kind  was  observed  by  Mr  Campbell  at  a  horizon 
northwest  of  Bristol,  Virginia.  He  found  that  here  the  conglomerate 
occurs  in  a  bed  of  shaly  limestone,  but  a  few  feet  thick,  that  belongs  in 
the  Nolichucky  (Cambrian)  shales.  This  bed  appears  to  have  been 
broken  up  largely  int<?  flat  fragments  that  were  quite  well  worn  on  their 
edges,  and  then  redeposited  in  the  same  bed  and  cemented  into  a  solid 
mass  of  limestone.  The  peculiar  feature  of  this  deposit  is  its  extreme 
thinness  and  the  apparent  freedom  from  all  marks  of  erosion.  It  is  quite 
persistent  and  no  evidence  of  an  unconformity  was  observed. 

Tennessee  Localities, — The  intra-formational  conglomerates  already  de- 
scribed have  been  identified  as  such  by  the  presence  of  similar  fossils  in 
the  bowlders  of  the  conglomerate  and  the  superjacent  and  subjacent 
bedded  limestones.  Those  about  to  be  described  are  identified  entirely 
by  lithologic  characters.     These,  however,  are  so  clearly  defined  and  are 

•Paleoxoic  OTerlaps  in  Montgomery  and  Pulnxki  Counties,  Virginia:  Bull.  Geol.  Soc.  of  Am., 
vol.  6,  pp.  175-176. 
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of  such  variety  that  the  conclusions  based  upon  them  are  considered  to 
be  nearly  aa  reliable  as  those  where  fossils  are  present. 

In  Tennessee  these  conglomerates  occur  in  the  lower  portion  of  the 
Ocoee  terrane  of  Safford.  Mr  Arthur  Keith  named  the  basal  slate  the 
Wilhite.  This  slate  rarely  exceeds  700  feet  in  thickness,  arid  it  is  capped 
by  the  silicious  Citico  conglomerate  (Keith).  Within  the  Wilhite  slate, 
especially  in  the  upper  200  feet,  and  along  its  strike  for  over  100  miles, 
numerous  beds  of  limestone  occur.  Usually  a  limestone  conglomerate 
is  found  in  the  same  section,  generally  above  the  bedded  limestone. 
These  limestone  conglomerates  have  been  cited  as  proof  that  the  Wilhite 
slates  were  of  later  age  than  the  Ordovician  limestones,  which  were 
assumed  as  having  furnished  the  pebbles  and  bowlders  of  the  limestone 
conglomerates  and  hence  that  the  Ocoee  terrane  instead  of  being  an  older 
formation  than  the  great  limestone  series  of  Tennessee  was  of  later  date, 
and  hence  of  post-Ordovician  age. 

In  company  with  Mr  Keith  I  visited  numerous  localities  of  the  Wil- 
hite slate  in  Cocke,  Sevier  and  Blount  counties.  At  a  locality  three 
miles  south,  65®  east  of  East  Fork,  Sevier  county,  a  limestone  conglom- 
erate occurs  by  the  roadside  and  also  on  the  north  side  of  the  road  on 
Stephen  Huff's  farm.  The  bedded  limestones  vary  in  texture  and  color 
and  in  the  presence  or  absence  of  more  or  less  arenaceous  material,  but 
the  weathered  surfaces  of  many  of  the  beds  are  very  characteristic.  At 
the  locality  by  the  roadside  there  is  little,  if  any,  of  the  bedded  lime- 
stone exposed,  the  conglomerate  resting  on  the  calcareous  shale  or  slate 
containing  compressed  lentiles  of  impure  bituminous  limestone.  The 
conglomerate  is  formed  of  brecciated  and  rounded  pebbles  and  bowlders 
of  limestone  and,  more  rarely,  of  a  fine  grained  sandstone.  The  lime- 
stone bowlders  vary  in  lithologic  characters  from  pure  white  limestone 
to  sandy  and  silicious  and  their  various  combinations.  In  color;  they 
are  blue,  gray,  black,  purple,  white,  pinkish,  dove,  etcetera.  About  two 
miles  to  the  north  of  this  locality,  on  Wilhite  creeH,  there  occurs  a  some- 
what similar  conglomerate,  in  which  the  limestone  bowlders  reach  a 
diameter  of  from  three  to  four  feet.  A  peculiarity  of  the  conglomerate 
at  these  places  is  the  presence  of  large  bowlders  in  the  slate  above  the 
main  body  of  the  conglomerate. 

At  a  locality  two  miles  east  of  Jones  cove,  Sevier  county,  an  interesting 
phase  of  the  conglomerate  is  the  presence  of  bowlders  of  a  dark,  sandy 
limestone  embedded  in  the  mass  of  the  bedded  limestone  that  occurs 
below  and  also  above  the  conglomerate.  The  matrix  of  the  conglom- 
erate is  frequently  largely  made  up  of  a  sandy  limestone  of  the  same 
lithologic  aspect  as  the  bedded  limestones  out  of  which  were  made  the 
bowlders  of  the  conglomerate.     The  limestone  conglomerate  was  also 
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noted  at  a  locality  three  miles  south  of  Del  Rio,  Cocke  county,  where  it 
occurs  above  the  limestone  in  the  Wilhite  slate. 

One  of  the  best  localities  to  study  the  relations  of  the  limestones  and 
conglomerates  is  on  the  north  side  of  the  entrace  to  the  narrows  of  the 
Little  Tennessee  river,  in  Blount  county.  Here  the  bedded  limestones  in 
the  Wilhite  slates  are  beautifully  exhibited,  and  above  them  the  limestone 
conglomerate  is  strongly  marked,  and  bowlders  of  the  limestone  over  six 
feet  in  diameter  occur  in  the  lower  portion  of  the  Citico  conglomerate. 
Another  peculiarity  at  this  locality  is  that  the  limestones  within  the  Wil- 
hite slate  were  broken  up  and  many  of  the  fragments  rounded  to  form  a  bed 
of  conglomerate  just  above  the  horizon  of  the  limestone  beds  from  which, 
elsewhere,  they  were  derived,  and  that  the  same  process  was  repeated 
with  the  bed  of  conglomerate.  We  found,  in  an  upper  bed  of  conglom- 
erate, bowlders  formed  of  masses  of  conglomerate  of  the  same  character 
as  in  the  stratum  some  distance  below  in  the  section.  In  this  upper 
conglomerate  numerous  quartz  pebbles  of  the  same  character  as  those  of 
the  Citico  conglomerate  are  embedded  in  the  limestone  matrix.  Special 
effort  was  made  by  both  Mr  Keith  an*d  myself  to  discover  evidences 
of  the  presence  of  limestones  of  a  different  character  from  those  found 
conformably  bedded  in  the  Wilhite  slate,  but  without  success.  The 
limestones  of  the  Wilhite  slate  are  so  marked  in  their  lithologic  char- 
acters and  the  bowlders  in  the  conglomerates  have  lithologic  characters 
so  similar  that  we  did.  not  hesitate  to  refer  the  source  of  the  material 
of  the  latter  conglomerate  to  the  limestone  beds  within  the  Wilhite 
formation.  At  one  locality,  two  miles  south  10°  west  of  Sweetwater, 
Cocke  county,  a  sandstone  rests  unconformably  upon  the  Knox  lime- 
stone and  contains  rounded  pebbles  of  the  limestone  carrying  the 
characteristic  fossils  which  are  embedded  in  the  limestone  beneath  the 
sandstone.  This  sandstone  occurs  in  the  isolated  outcrop,  and  is  not 
known  to  be  of  Ocoee  age. 

Origin, — The  relation  of  the  bedded  limestones  to  the  superjacent  con- 
glomerates proves  that  the  calcareous  mud  which  was  subsequently 
consolidated  into  the  limestones  solidified  soon  after  deposition.  This 
is  shown  by  the  presence  in  the  conglomerate  of  rounded  pebbles  and 
angular  fragments  of  limestone  with  sharp  clear  cut  edges.  The  presence 
•  of  the  conglomerates  above  the  limestone  beds,  from  some  portion  of 
which  they  were  derived,  leads  me  to  believe  that  the  sea-bed  was  raised 
in  ridges  or  domes  above  the  sealevel  and  thus  subjected  to  the  action 
of  the  seashore  ice,  if  present,  and  the  aerial  agents  of  erosion.  From 
the  fact  that  the  limestones  upon  which  the  conglomerates  rest  rarely  if 
ever  show  traces  of  erosion  where  the  conglomerates  come  into  contact 
with  them,  the  inference  is  that  the  debris  worn  from  the  ridges  was 
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depoeited  in  the  intervening  depressions  beneath  the  sea.  In  the  cade  of 
the  conglomerates  of  the  Wilhite  slates  of  Tennessee  it  is  exceptional  to 
find  a  bedded  limestone  above  them ;  but  within  the  Lower  Cambrian 
of  Pennsylvania  and  New  York  the  conglomerates  are  int^rbedded  in 
the  limestones. 

Large  bowlders  of  limestone  were  observed  in  the  Wilhite  slates  on 
Wilhite  creek,  Tennessee,  above  the  main  conglomerate  bed,  and  large 
bowlders  of  limestone  were  observed  in  the  bedded  limestones  at  Stoner  s 
quarry,  Pennsylvania.  The  mode  of  occurrence  of  these  bowlders, 
especially  those  in  the  limestones  at  Stoner's  quarry,  leads  to  the  \iew 
that  they  may  have  been  dropped  upon  the  sea-bed  from  floating  ice. 
No  other  explanation  occurs  to  me  that  will  account  for  the  transporta- 
tion of  a  bowlder  from  the  shoreline  and  the  placing  of  it  upon  the  sea- 
bed so  as  not  to  disturb  to  any  marked  degree  the  sediment  then 
accumulating.  In  the  special  example  at  Stoner  s  quarry  two  feet  of 
calcareous  mud  was  deposited  in  thin  layers  about  the  bowlder  and  as 
much  more  above  it  before  the  introduction  of  conditions  that  deposited 
the  next  stratum  of  conglomerate.* 

The  history  of  Appalachian  sedimentation  and  mountain-buUding 
proves  that  a  more  or  less  constant  movement  was  taking  place  from 
Algonkian  time  to  the  close  of  the  Paleozoic.  This  movement  was  at 
times  greatly  prolonged  and  resulted  in  marked  topographic  features. 
More  frequently  the  minor  movements  produced  local  eflfects,  and  some 
of  them  resulted  in  the  formation  of  the  conglomerates  described. 

*Sir  William  Dawson  says  that  the  "only  means  of  explaining  these  conglomerates  [QaeWc. 
Point  Levis,  Metis]  seems  to  be  the  action  of  coast  Ice,  which  at  this  period  appears  to  have  been 
as  energetic  on  the  American  shores  as  at  the  present  day,  and  seems  to  have  had  great  reefs  of 
limestone,  probably  in  the  area  of  the  gulf  of  Saint  Lawrence,  to  act  upon  and  to  remove  in  ltif$e 
slabs  and  bowlders,  piling  these  up  on  banks  to  constitute  masses  of  conglomerate.*'  Quart.  Jour. 
Qeol.  Soc,  London,  November,  1888,  pp.  809, 810. 
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Evidences  of  orogenic  Action. 

More  than  once  I  have  called  attention  to  the  fact  that  the  Tertiary 
and  Cretaceous  beds  on  the  island  of  Marthas  Vineyard,  Massachusetts, 
s*how  throughout  an  area  of  about  fifty  square  miles  unmistakable  evi- 
dence of  mountain-building  stresses.  The  strata,  having  an  aggregate 
thickness  of  certainly  many  hundred,  perhaps  of  some  thousand  feet, 
have  been  thrown  into  folds  of  considerable  amplitude,  which  are  so 
sharply  compressed  that  the  numerous  outcrops  show  dips  which  aver- 
age more  than  45°.  The  suggestion  that  these  distortions  have  been 
produced  by  the  shearing  action  of  the  ice  in  the  last  glacial  period  is 
completely  disproved  by  the  very  well  developed  preglacial  topography 
which  this  region  exhibits — contours  of  hill  and  dale  which  were  formed 
in  these  soft  rocks  after  they  were  folded,  and  on  which  the  drift  rests 
a.s  an  incomplete  mantle.  It  is  impossible  to  conceive  that  the  folding 
of  the  rocks  could  have  been  accomplished  without  the  complete  de- 
struction of  the  previously  existing  topography. 

Recently  my  colleague,  Mr  J.  B.  Woodworth,  has  examined  the  similar 
diKtortions  of  Block  island.  He  informs  me  that  in  general  character 
they  closely  resemble  those  of  Marthas  Vineyard,  While  the  horizon 
of  these  Block  island  beds  is  not  as  yet  clearly  determined,  the  evidence 
goes  to  show  that  they  are  in  part,  at  least,  of  Pleistocene  age ;  they  also 
have  preserved  their  preglacial  topography,  which  is  only  partly  masked 

XXVn-Bou..  Ouof..  80c.  Am.,  Vor..  5,  1893.  (199) 


200  N.  8.  SHALER — PLEISTOCEyE   DISTORTIONS. 

by  the  drift,  showing  that  here  also  the  hypothesis  of  glacial  shoving 
cannot  be  reasonably  advanced  to  account  for  the  distortion  of  the  strata. 
Accepting  these  indications  as  evidence  of  orogenic  action  at  a  compara- 
tively recent  time,  the  question  is  as  to  their  relation  to  the  other  move- 
ments along  the  Atlantic  coai=?tline. 

ExTKNT,  Duration  and  Character  of  the  Movements. 

It  seems  in  the  first  place  evident  that  the  Atlantic  coast  from  South 
Carolina  northward  to  the  Saint  Lawrence  has  been  the  seat  of  recurring 
mountain-building  action  since  the  Triassic  time.  These  movements, 
in  so  far  as  we  can  clearly  determine  them,  have  not  operated  in  the 
country  south  and  west  of  this  district.  The  distortions  which  flexed 
the  Triassic  or  Rhetic  deposits  appear  to  have  occurred  in  the  Jurassic 
time,  or  at  least  before  the  deposition  of  the  Cretaceous.  The  last  named 
period  seems  to  have  passed,  as  did  the  division  of  the  Tertiary,  without 
the  action  of  the  mountain-building  forces  being  manifested.  At  the  end 
of  this  period,  but  long  enough  before  the  glacial  epoch  to  permit  the 
development  of  a  complete  topography,  with  wide  valleys  and  low,  arched 
hills,  came  the  folding  and  faulting  which  has  dislocated  the  beds  in 
southeastern  Massachusetts. 

It  seems  tolerably  clear  that  this  New  England  disturbance  was  not 
local,  though  its  particular  manifestations  are  peculiar.  The  action  of 
the  same  forces,  though  operating  in  a  somewhat  dissimilar  manner,  is 
traceable  southward  along  the  coast,  as  has  been  shown  by  the  studies  of 
McGee  and  others,  on  the  faulting  which  is  there  developed.  The  contin- 
uation of  these  breaks  to  the  northward  in  foldings  rather  than  in  faultings 
finds  its  parallel  in  what  we  observe  in  the  movements  which  occurred 
in  the  interval  between  the  deposition  of  the  Carboniferous  and  the 
period  of  the  Trias.  In  the  eastern  Tennessee  district  we  find  the  dis- 
placements effected,  in  the  main,  by  faulting;  in  southwestern  Virginia 
the  folds  become  more  common,  and  thence  northwardly  they  increase 
in  relative  importance  until  the  dislocations  disappear  in  a  series  of 
small  but  characteristic  anticlines  in  the  region  near  Catskill,  New  York. 

These  dislocations  along  the  Atlantic  coast  seem  to  indicate,  especially 
when  taken  with  those  which  distorted  the  Triassic  beds,  that  this  shore 
was  the  seat  of  mountain-building  work  long  after  it  apparently  had 
ceased  in  the  more  interior  portion  of  the  Appalachian  system.  So  far 
as  they  go,  they  afford  additional  evidence  that  a  coastline  is  nominally 
the  seat  of  orogenic  work. 

The  Marthas  Vineyard  foldings  appear  to  be  the  most  recent  of  any 
well  developed  anticlines  in  the  eastern  portion  of  the  United  States. 
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I  know,  indeed,  of  no  other  field  where  rocks  of  an  age  so  near  the 
present  indicate  such  extreme  compression-  Their  occurrence  appear 
to  show  a  considerable  renewal  of  the  mountain-building  forces  in  a 
district  which  by  its  profound  degradation  seems  to  have  been  long 
exempt  from  such  accidents.  It  is  an  interesting  question  whether  the 
strains  which  created  these  folds  have  quite  spent  their  force.  So  far  as 
the  evidence  from  the  fields  in  which  they  occur  is  concerned,  it  is 
clearly  to  the  efiect  that  no  movement  has  taken  place  since  the  pre- 
glacial  topography  was  developed.  I  have  made  a  careful  study  of  the 
areas  where  the  glacial  drift  is  so  thin  that  it  does  not  hide  the  contours 
and  where  the  erosion  effected  by  the  ice  seems  to  have  been  insignifi- 
cant, and  can  find  no  trace  of  any  postglacial  deformations.  The  stresses, 
though  they  were  evidently  very  great,  appear  to  have  been  effectively 
discharged  by  the  crumplings  of  the  strata  which  they  created. 

The  question  as  to  the  nature  of  the  orogenic  movement  which  gave  rise 
to  the  folds  of  southeastern  Massachusetts  is  interesting.  On  the  main- 
land, less  than  20  miles  away,  the  ancient  gneisses  and  other  highly  crys- 
talline rocks  afibrd  the  foundation  for  the  relatively  recent  strata.  This 
fact,  as  well  as  the  general  character  of  the  geology  along  this  portion  of 
the  Atlantic  coast,  makes  it  probable  that  the  Cretaceous  and  the  Tertiary 
series  of  the  islands  rest  on  very  massive  deposits.  We  note  also  that  the 
glacial  erosion  which  has  been  effected  on  the  bottoms  of  Buzzards  bay 
and  Vineyard  sound  has  not  brought  into  the  Vineyard  moraine  materials 
from  any  other  than  crystalline  rocks,  except  relatively  small  fragments, 
which  we  can  trace  to  the  Narragansett  basin.  It  is  difficult  to  conceive 
that  the  foldings  of  the  beds  exhibited  at  Gay  Head  and  elsewhere  in 
this  district  are  the  results  of  similar  anticlinals  and  synclinals  formed 
in  the  massive  rocks  on  which  they  lie  or  which  must  at  least  be  not  far 
beneath  them. 

Origin  of  the  Movements. 

An  explanation  of  the  method  in  which  these  foldings  of  Cretaceous  and 
Tertiary  strata  has  been  effected  is  perhaps  indicated  by  the  conditions 
in  the  Richmond,  Virginia,  coal  basin.  In  that  field  the  Mesozoic  rocks 
have  been  thrown  into  sharply  dislocated  masses  by  the  formation  of 
a  synclinal,  developed  in  the  crystalline  rocks  on  which  they  lie.  Such 
a  trough  in  massive  beds  may  be  formed  in  large  measure  by  faulting, 
though  the  hypothesis  of  folding  as  well  is  not  excluded.  It  is  true  that 
in  the  Vineyard  district  there  is  no  visible  indication  showing  the  sea- 
ward side  of  such  a  trough  as  this  suggestion  calls  for.  It  should,  how- 
ever, be  observed  that  the  crests  of  the  ridges  of  crystalline  rocks  which 
are  found  along  this  shore  decline  rapidly  seaward,  so  that  the  outer  rim 
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of  a  basin  might  well  be  below  the  ocean-level.  It  should  also  be  noted 
that  the  gneissic  rocks  along  the  mainland  from  New  Bedford  eastward 
decline  in  steep  slopes  beneath  the  sea  in  the  manner  which  we  should 
expect  if  they  represented  the  margin  of  a  synclinal  trough. 

In  conclusion,  it  may  be  remarked  that  the  orogenic  movements  of 
southeastern  Massachusetts  evidently  occurred  shortly  after  a  very  ex- 
tensive importation  of  detritus  into  the  district  took  place.  The  exposures 
at  Gay  Head  and  elsewhere  show  that  a  thick  section  was  deposited  with 
great  rapidity.  At  no  other  point  on  the  Atlantic  coast  of  this  continent 
do  I  know  of  a  case  where  such  a  great  mass  of  sediments  has  been 
accumulated  in  a  similarly  brief  period.  It  is  therefore  interesting  to 
see  that  this  change  of  burden  was  followed  by  a  period  of  dislocation. 
The  facts,  in  a  word,  seem  to  confirm  the  hypothesis  that  transfers  of 
sediments  tend  in  some  way  to  excite  mountain-building  actions. 

No  Evidence  of  massive  Elevation. 

It  is  important  to  note  the  fact  that  notwithstanding  the  large  amount 
of  crumpling  which  has  taken  place  in  the  Marthas  Vineyard  section,  the 
beds  have  not  been  subjected  to  much  massive  elevation.  They  were 
evidently  formed  in  positions  very  near  the  level  of  the  sea.  They  are 
still  in  a  general  way  at  about  the  same  position.  Similar  data  concern- 
ing other  formations  indicate  that  this  portion  of  the  continent  has  at 
several  stages  in  its  development  been  at  about  its  present  height  above 
the  ocean.  Some  of  the  lower  Cambrian  beds  of  Attleboro,  Massachusetts, 
contain  abundant  pebbly  waste,  which  apparently  was  deposited  in  rather 
shallow  water.  The  conglomerates  of  the  Roxbury  series,  which  are  pre- 
sumably of  Potsdam  age,  are  clearly  coastal  deposits.  The  Carboniferous 
series  of  the  Narragansett  basin  wa.s  also  formed  near  the  sealevel.  The 
intermediate  periods  doubtless  saw  great  changes  in  the  altitude  of  the 
surface  in  this  southeastern  district  of  New  England,  but  the  facts  seem 
to  show  a  tendency  of  the  land  to  return  to  the  level  which  it  has  at 
present. 


BULLETIN  OF  THE  GEOLOGICAL  SOCIETY  OF  AMERICA 
Vol.  6,  PP.  203-206  February  17,  i894 


RELATION  OF  MOUNTAIN-GROWTH  TO  FORMATION  OF 

CONTINENTS 

BY   N.   S.   SITALER 

(Read  before  the  Society  December  28^  1893) 
CONTENTS 

Page 

Introductory 203 

Limitations  as  to  Position  of  Mountains 203 

Origin  and  Occurrence  of  Mountain  Pedestals 204 

Causes  of  Mountain-uplifting  above  Sealevel 205 

Conclusions 206 


Introdiictory. — In  this  writing  I  wish  to  call  attention  to  certain  features 
in  the  distribution  of  mountains  which  seem  to  me  to  throw  light  on  the 
conditions  which  lead  to  the  development  of  continents,  and,  as  the  points 
to  he  set  forth  concern  a  considerable  range  of  phenomena,  I  shall  state 
them  briefly,  with  the  expectation  that  in  some  other  form  of  publication 
the  chance  may  be  offered  for  more  extended  presentation. 

Limitations  as  to  Position  of  Mountains. — Mountains  appear  to  be  limited 
to  the  continents  or  to  large  islands  which  are  more  or  less  continental 
in  their  relations.  This  is  shown  by  the  fact  that  the.  surfaces  of  the 
greater  oceans  are  essentially  destitute  of  islands  which  we  can  suppose 
to  l>e  mountain-tops  which  have  attained  the  surface  of  the  water.  All 
the  thalasaic  islands,  in  a  word,  are  volcanic  masses  or  have  been  brought 
to  the  surface  by  the  coral-building  animals.  As  the  average  depth  of 
the  sea  is  about  fifteen  thousand  feet,  and  as  there  are  some  hundred 
peaks  in  various  systems  which  attain  to  more  than  this  height,  we 
!«hould  expect,  if  mountains  grew  on  the  sea-floor  as  freely  as  they  do 
on  the  land,  to  find  more  of  these  elevations  in  that  realm  than  we  do 
on  the  continental  areas.  The  case  is  even  stronger  when  we  consider 
that  on  the  land  mountains  are  continually  subjected  to  erosion,  an  action 
to  which  they  would  not  be  exposed  in  the  oceans  until  they  had  risen 
above  the  surface  of  the  water.'  Although  we  may  recognize  the  fact 
that  down-wearing  is  a  concomitant  and  perhaps  a  necessary  condition 
of  extended  dislocation  of  strata,  and  that  mountains  never  have  had 
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the  topographic  relief  which  would  be  given  them  by  restoring  the  strata 
which  once  overarched  their  summits,  we  may  still  believe  that  if  they 
developed  on  the  ocean-bottom  as  they  do  on  the  great  lands  they  would 
attain  on  the  average  their  greatest  elevation  in  the  sea.  We  may  there- 
fore assume  that  there  is  some  causal  relation  between  the  growth  of 
continents  and  the  dislocation  of  strata  which  occur  on  them. 

Origin  and  Occuirence  of  Mountain  Pedestals, — Some  years  ago,  with 
these  points  in  mind,  I  studied  the  Italian  peninstila,  making,  partly  in  the 
field  and  partly  by  maps  and  reports,  several  sections  across  its  surface 
from  the  Adriatic  on  the  east  to  the  Tyrrhenian  sea  on  the  west.  I  chose 
this  peninsula  for  the  reason  that  its  geology  is  fairly  well  known,  as  is 
also  the  shape  of  the  sea-bottom  on  either  side  of  the  land.  An  inspec- 
tion of  this  area  convinced  me  that,  along  with  the  folding  and  other 
compressive  phenomena  which  here  produced  the  mountain-axes  of  this 
district,  there  has  been  a  progressive  uprising,  in  a  massive  way,  of  the 
deposits  which  form  the  outer  part  of  the  earth,  and  that  this  basilar 
uplift  extends  for  a  considerable  distance  on  either  side  of  the  much 
distorted  areas.  Such  a  foundation  uplift  or  pedestal  occurring  in  moun- 
tain-building has  long  been  noted,  but  its  full  and  true  import  seems  not 
to  have  been  recognized.  It  appears  clearly  to  indicate  that  during  the 
process  of  folding  and  the  concomitant  faulting  there  is  a  widespread 
movement  of  the  underlying  rocks  toward  the  seat  of  disruption.  This 
material,  which  is  set  in  motion  by  the  orogenic  forces,  not  only  serves 
to  underpin  or  support  the  arches  of  the  strata,  but  accumulates  in  the 
neighboring  subjacent  regions  in  such  amount  as  to  uplift  the  surface  of 
the  earth  in  the  form  of  a  broad  belt,  on  which,  at  the  end  of  the  proce.s.s, 
the  mountains  lie  as  sharp  ridges. 

•  It  is  obvious  that  in  many  cases  the  pedestal  or  highlands,  where  the 
strata  are  not  distorted,  which  lie  on  one  or  both  sides  of  many  mountain- 
ranges  is  often  in  part  due  to  the  thickening  of  strata,  brought  about  by 
the  supply  of  sediments  that  the  elevations  have  afforded  to  the  seas  at 
their  feet.  Making  allowance  for  this  source  of  error,  I  think  it  is  still 
evident  that  the  i)edestal  feature  is  a  normal  clement  in  mountain-growth. 

On  the  continent  of  North  America  we  discern  three  great  systems  of 
elevation,  two  of  which,  the  Cordilleras  and  the  Appalachian,  show  the 
more  or  less  degraded  remains  of  the  basilar  uplifts,  which  were  here 
produced  during  the  development  of  the  axes.  The  central  trough  of 
this  land,  so  far  as  it  is  occupied  by  the  Mississippi  valley,  is  substan- 
tially composed  of  the  slopes  which  lead  down  from  the  great  systems 
on  the  east  and  west.  The  Laurentian  system  shows  less  of  this  pedestil 
feature,  probably  because  it  was  to  a  great  extent  destroyed  during  the 
ages  which  elapsed  between  its  formation  and  the  deposition  of  the  stnita 
which  we  trace  into  contact  with  its  ancient  ridges. 
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A  similar,  though  more  obscure  relation  between  the  growth  of  moun- 
tains and  the  upheaval  of  the  non-folded  districts  about  them  is  trace- 
able in  Europe,  and  apparently  exists  in  all  the  continental  fields.  Thus, 
as  in  America,  we  note  that  the  mountains  are  bordered  by  relatively 
high  lying  tablelands,  and  that  the  altitude  of  the  whole  field  depends, 
in  large  part  at  least,  on  the  movements  of  underearth  materials  toward 
the  axes  of  disturbance  by  folding. 

The  amount  of  this  inner  earth-matter  which  has  moved  toward  the 
mountain-built  sections  of  the  land  cannot,  in  the  present  state  of  our 
information,  be  well  computed.  It  seems  to  me,  however,  that  much  of 
the  height  of  the  continents,  perhaps  nearly  the  whole  of  the  upliftings 
which  serves  to  retain  its  masses  above  the  plane  of  the  ocean,  may  be 
attributed  to  this  subterranean  migration  of  rocks.  If  this  view  be  cor- 
rect, then  we  should  regard  the  continents,  at  least  so  far  as  their  history 
as  dry  lands  is  concerned,  as  in  great  part  the  product  of  mountain- 
building  forces.  In  this  work  the  primal  action  is  the  movement  of  rock 
materials  toward  the  axes  of  disruption  and  the  consequent  elevation  of 
the  region  where  the  movements  occur.  In  a  secondary,  yet  important, 
manner  the  process  of  erosion  removes  a  portion  of  the  highlands,  dis- 
tributing the  waste  in  a  measure  over  the  surface  of  the  pedestals,  thereby 
increasing  their  elevation  on  the  flanks  of  the  range.  There  are  thus  two 
contrasted  movements  of  the  materials  involved  in  mountain-building — 
in  the  interior,  toward  the  centers  of  elevation,  and  on  the  surface,  away 
from  those  upland  districts. 

Causes  of  Mouniain-uplifiing  above  Sealevd, — Although  the  process  of 
mountain-building  may  account  for  the  growth  of  continental  areas  it 
cannot  be  used  to  explain  the  process  which  brought  the  uplifted  areas 
of  the  earth  above  the  ocean-level.  As  before  noted,  the  evidence  derived 
from  the  distribution  of  these  elevations  leads  us  to  the  conclusion  that 
they  do  not  develop  in  the  depths  of  the  seas.  It  appears  to  me,  how- 
ever, that  from  the  recent  extension  of  our  knowledge  concerning  the 
configuration  of  the  sea-floors  we  may  discern  certain  features  there 
which  perhaps  seem  to  account  for  the  uplifting  of  the  continental  arches 
to  the  water-level.  At  various  points  on  the  ocean-bottom  we  note  the 
existence  of  broad  ridges  which  rise  i^ye.  ten,  or  even  fifteen  thousand 
feet  above  the  deeps  which  lie  about  them.  There  is  such  a  ridge  in  the 
middle  of  the  Atlantic,  and  another  less  distinct,  perhaps  because  less  well 
known,  in  the  southern  division  of  that  ocean.  In  various  other  districts 
there  are  indications  of  similar  broad  uplifts,  though  the  progress  of  our 
knowledge  concerning  the  topography  of  the  sea-bottoms  has  not  as  yet 
enabled  us  to  trace  their  forms  in  a  clear  way. 

It  seems  to  me  a  fair  hypothesis  that  the  formation  of  a  great  land-area 
began  by  the  elevation  of  one  or  more  of  these  submarine  ridges  above 
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the  level  of  the  sea.  When  the  process  of  uprising  brought  the  fold  into 
the  realm  of  erosion,  the  irregular  wearing  of  the  mass  began  those 
changes  of  burden  to  which  we  have  learned  to  look  for  the  immediate 
determination  of  mountain-building  action.  Thenceforth  the  organiza- 
tion of  the  land  as  regards  its  shape  appears  to  have  depended  mainly 
in  the  localization  of  the  migrations  of  earth-matter  brought  about  by  the 
orogenic  forces.  It  is  evident,  however,  that  this  migration  began  with 
the  subaqueous  history  of  the  fold,  and  that  the  land  distortions  of  strata 
has  served  the  important  end  of  determining  the  supermarine  form  of 
the  area. 

The  rise  of  submarine  folds  from  the  depths  of  the  sea  to  the  air  is 
indicated  in  the  geologic  features  of  this  and  other  continents.  Instances 
of  this  nature  are  seen  in  the  i)eninsulas  of  Florida  and  Yucatan,  in  the 
Antilles,  and  in  the  old  ridge  known  as  the  Cincinnati  axis.  In  the  first 
mentioned  district  a  fold  of  the  sea-bottom  having  a  length  of  about  600 
miles  appears  to  have  risen  from  a  depth  of  about  5,000  feet.  As  yet  the 
process  of  erosion  has  not  determined  distinct  axes  of  fracture  on  the 
crest  of  this  ridge,  though  there  are  some  signs  of  such  displacements. 
The  peninsula  of  Yucatan  appears  to  represent  a  similar  process  of  upward 
growth  of  a  fold  which  has  not  yet  been  mountain-built.  The  Antilles 
seem  to  afford  an  instance  of  a  lofty,  narrow  ridge  which  has  risen  from 
a  great  dei)th  and  to  have  developed  on  its  crest  an  extended  mountain 
system.  The  Cincinnati  axis,  a  low  ridge  having  about  the  length  of 
Florida,  was  formed  in  the  middle  Paleozoic  seas,  beginning  to  attain 
the  water's  surface  in  the  early  stages  of  the  Cincinnati  group.  The  crest 
of  this  broad  elevation  bears  the  marks  of  the  mountain-building  force?, 
but  the  age  of  these  dislocations  is  not  certain. 

Conclusions. — It  is  true  the  cases  in  which  we  note  the  unlifting  of  folds 
of  the  ocean  floor  which  have  attained  the  sealevel  involve  relatively  small 
areas  as  compared  with  the  continental  fields,  yet  when  we  trace  the  his- 
tory of  this  and  other  continents  back  to  the  time  when  they  were  be- 
ginning to  take  shape,  we  find  that  the  conditions  indicate  the  masses  to 
have  been  relatively  much  smaller  than  they  are  at  present.  It  seeras 
that,  given  a  case  where  an  elevation  of  the  sea-floor  attained  the  surface, 
the  facts  warrant  us  in  supposing  that  the  process  of  mountain-building 
would  begin  as  soon  as  locally  intensified  erosion  and  deposition  occurred ; 
this  would  induce  a  further  migration  of  interior  materials  toward  the 
fold,  thus  favoring  its  greater  elevation.  If  this  be  the  case  the  earth  folds 
may,  as  regards  their  history,  be  divided  into  two  groups :  those  which 
fail  to  attain  the  surface  of  the  sea  and  are  not  subjected  to  the  stimulus 
to  further  growth  which  mountain-building  seems  to  bring  about,  and 
those  which,  attaining  the  condition  of  land,  are  by  the  process  of  erosion 
led  to  a  rapid  upward  development. 
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Beach-sands. 
value  of  their  investigation. 

The  following  notes  concerning  certain  phenomena  of  beach  and  dune- 
sands  have  an  interest  for  the  reason  that  they  seem  to  explain  some  of 
the  conditions  under  which  the  arenaceous  materials  of  the  seashore 
journey  before  they  come  to  rest  in  stratified  deposits.  Incidentally  they 
j»how  some  facta  as  to  the  part  which  the  coastal  sands  take  in  protecting 
the  shore  from  the  action  of  the  sea.  These  observations  are  the  result 
of  work  done  on  the  eastern  coast  of  the  United  States  in  connection 
with  the  tasks  which  have  fallen  to  me  as  geologist  of  the  Atlantic  Coast 
Division  of  the  United  States  Geological  Survey. 
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RESISTANCE  TO  ABRASION. 

One  of  the  most  noticeable  features  which  is  exhibited  by  beach 
sands  is  their  extraordinary  endurance  of  the  beating  of  the  waves.  On 
examining  any  pebbly  beach  exposed  to  the  ocean-surges  we  readily  per- 
ceive that  the  masses  of  stone  wear  at  a  very  rapid  rate.  Thus,  at  cape 
Ann,  cubes  of  granite  of  a  kind  which  forms  excellent  blocks  for  city 
pavements  are,  when  exposed  to  the  surf,  worn  in  the  course  of  a  year  to 
spheroidal  forms,  with  an  average  loss  of  more  than  an  inch  from  their 
peripheries.  Experiments  with  fragments  of  hard  burned  brick  have 
shown  me  that  in  a  year  of  moderate  beach-wearing  they  may  be  re- 
duced by  the  abrasion  to  half  their  original  size.  On  the  other  hand  the 
sand  derived  from  these  i)ebble-beaches  endures  for  an  unlimited  time, 
evidently  with  little  wearing.  Though  subjected  for  ages  to  the  beating 
of  the  waves,  with  perhaps  a  hundred  times  as  much  energy  applied  to 
the  surface  of  which  it  forms  a  part  as  would  suffice  to  reduce  a  granite- 
bowlder  containing  a  cubic  foot  of  material  to  a  granular  or  powdery 
state,  the  beach  sands  remain  unworn. 

An  excellent  example  going  to  show  the  endurance  of  sand-grains  on 
the  shore  is  afforded  by  the  beaches  of  the  Atlantic  coast  from  New  York 
southward  to  near  cape  Florida.  Collections  along  this  line  show  that 
the  waste  from  the  northern  part  of  the  coast  is  slowly  journeying  south- 
ward, partly  along  the  beach-strip  and  partly  in  the  shallow  water  at  a 
little  distance  from  the  shores,  yet  when  these  sands  arrive  on  the 
southern  coast  of  Florida,  though  their  quartz  grains  are  somewhat 
rounded,  they  are  not  much  smaller  than  those  on  the  region  of  the 
coast  about  cape  Hatteras. 

CAUSE   OF  THEIR  ENDURANCE. 

On  examining  the  conditions  of  the  sand  on  a  wet  beach  we  find  the 
reason  for  the  slight  amount  of  wearing  to  which  the  grains  are  subjected 
from  the  action  of  the  waves.  Owing  to  the  small  size  of  the  fragments 
and  to  the  fact  that  they  are  generally  provided  with  angular  faces  a  film 
of  water  is  held  by  capillarity  between  the  adjacent  bit*?  so  that  they,  so 
long  as  the  beach  is  full  of  water,  do  not  touch  each  other.  Thus  the 
blow  of  the  waves  is  used  up  in  compressing  the  interstitial  water  and 
is  converted  into  heat  without  wearing  the  mineral  matter  in  an  appre- 
ciable degree.  A  simple  experiment  will  illustrate  the  extent  to  whicli 
the  water  is  held  between  the  wet  grains.  By  pressing  the  foot  on  the 
surface  of  a  flat  sand  beach  just  above  the  waterline  we  may  observe  that 
the  sand  usually  whitens  around  the  field  of  pressure,  the  change  in  hue 
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being  due  to  a  partial  expulsion  of  the  water ;  on  withdrawing  the  weight 
the  sand  resumes  its  original  color. 

Those  who  will  observe  the  condition  of  the  water  along  a  pebble- 
beach  in  times  of  heavy  rains  may  readily  note  the  fact  that  it  contains 
a  considerable  amount  of  mud  derived  from  the  grinding  action  of  the 
stones  as  they  are  drawn  over  each  other  by  the  surf.  A  similar  obser- 
vation made  on  a  normal  sandbeach  will  show  that  the  fragments  yield 
no  waste. 

PROTECTORS  FROM  CONTINENTAL  DESTRUCTION. 

Important  geologic  consequences  arise  from  this  peculiar  feature  in 
the  action  of  sand  on  the  seashores.  To  it,  in  the  main,  is  due  the*  very 
effective  protection  which  sandbeaches  afford  the  land  areas  against  the 
assaults  of  the  waves.  Probably  more  than  four-fifths  of  the  shores  of 
the  continents  which  face  the  open  sea  are  thus  protected  from  the 
surges  by  finely  divided  rock-material.  If  the  agents  of  wear  could 
deal  with  the  masses  of  these  tiny  fragments  as  easily  as  they  do  with 
rock-cliffs,  the  history  of  our  continents  would  have  been  quite  other 
than  that  which  we  trace.  The  shores,  especially  those  composed  of 
friable  materials,  would  have  been  easily  driven  back  into  the  land.  As 
it  is,  the  waves,  not  being  able  to  grind  up  the  sands,  have  to  deposit 
them  in  deep  wat.^r  or  in  embay ments  of  the  shore  before  they  can  con- 
tinue to  erode  the  cliffs  which  yield  the  detritus. 

Those  who  have  examined  the  condition  of  small  islands  may  have 
remarked  the  fact  that  sandbeaches  are  rarely  found  along  their  shores, 
the  reason  being  that  the  limited  field  of  erosion  is  not  likely  to  afford  a 
suflScient  supply  of  the  material  to  make  considerable  accumulations  of 
that  nature.  It  is  partly,  at  least,  in  consequence  of  this  lack  of  sand- 
barriers  that  small  islands  are  generally  in  a  process  of  relatively  rapid 
shore-erosion,  the  rate  of  this  destruction  being  in  most  cases  evidently 
greater  than  it  is  on  the  mainlands. 

SOME  SOURCES  OF  SUPPLY. 

Seaweeds, — As  the  supply  of  sand  on  the  shores  is  a  matter  of  much  con- 
sequence in  determining  the  eflTectiveness  of  the  wave-action  against  the 
land,  I  venture  to  note,  in  passing,  two  ways  in  which  the  deposits  of  the 
shore  line  are  augmented.  The  first  of  these  is  effected  by  a  peculiar 
action  of  our  larger  seaweeds.  These  plants  have  the  habit  of  attaching 
themselves  to  a  pebble  or  shell,  it  may  be,  in  water  so  deep  that  the 
waves  can  have  no  scouring  effect  on  the  bottom.  As  they  grow,  these 
plants  gradually  expose  so  much  surface  to  the  waves  and  are  so  upborne 
by  their  air  vesicles  that  in  the  end  they  often  pull  the  body  to  which 
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they  are  attached  from  its  place  on  the  floor ;  it  is  then  quickly  urged 
by  the  surges  to  the  beach.  Attaining  this  position,  it  is  at  once  stripped 
of  the  plants  which  bore  ij  kshore. 

On  the  beaches  of  eastern  Massachusetts  a  mile  of  •cean  front,  in  a 
time  of  heavy  storms,  often  receives  in  the  course  of  a  day  from  ten  to 
twenty  tons  of  pebbly  material,  borne  in  by  seaweeds.  In  some  cases 
the  rate  of  the  importation  much  exceeds  this  amount.  The  pebbles 
thus  delivered  to  the  shores  are  not  infrequently  from  three  to  six  inches 
in  diameter.  Where  pebbles  do  not  abound  on  the  bottom,  as  is  the 
case  along  most  sandy  shores,  the  shells  of  the  larger  riioUusks  are  in  the 
same  way  uplifted  and  brought  upon  the  beach. 

Floaiing  Pumice, — A  certain  contribution  of  debris  to  the  seabeaches, 
the  amount  of  which  is  not  yet  determined,  arises  from  the  stranding  of 
floating  pumice.  Observations  which  I  have  made  on  the  shores  from 
Eastport  to  Key  West  show  that  every  part  of  this  coastline  receives  a 
certain  share  of  this  volcanic  matter.  On  the  Florida  shore  the  quantity 
of  the  material  appears  to  be  much  greater  than  elsewhere,  this  prob- 
ably because  of  the  strong  and  far  journeying  current  which  passes  by 
that  promontory.  On  this  part  of  the  coast  it  appeared  to  be  easy  at 
certain  points  on  the  strand  to  gather  an  identifiable  bit  of  pumice  in 
each  square  yard.  As  we  go  to  the  northward,  passing  away  from  the 
margin  of  the  Gulf  stream,  these  pumiceous  fragments  become  much 
more  rare  until  on  the  New  England  coast  it  may  require  a  careful  search 
to  reveal  a  bit  of  the  material. 

Owing  to  the  frail  nature  of  pumice,  as  well  as  to  the  chemical  unsta- 
bility  of  its  composition,  it  appears  rapidly  to  break  up ;  it  is  thus  not 
easy  to  determine  what  part  of  the  beach-matter  is  from  this  source. 
Inasmuch  as  these  volcanic  materials  enter  into  a  mass  which,  as  we 
have  seen,  is  in  a  way  protected  from  erosion,  a  small  annual  contribu- 
tion may  not  be  unimportant.  At  present  my  inquiries  concerning  the 
distributions  of  pumice  along  the  eastern  coast  of  the  United  States  are 
in  a  way  checked  by  the  need  of  carefully  discriminating  between  the 
pumiceous  material  thrown  out  from  volcanic  vents  and  the  similar 
materials  contributed  from  the  boiler  furnaces  of  steamships ;  the  dis- 
crimination is  possible,  but  it  cannot  in  all  cases  be  readily  efiected. 

DuNE-SANDS. 
OBJECT  OF  THEIR  lyVESTIOATION. 

The  origin  of  dune-sands  has  been  well  determined,  as  has  also  the 
general  principles  of  their  movement ;  there  are,  however,  many  details 
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of  their  natural  history  which,  so  fer  as  I  know,  have  not  been  made  the 
subject  of  inquiry.    Some  of  these  I  now  propose  to  consider. 

RESISTANCE  TO  PERCOLATION  OF  WATER, 

Those  who  may  have  watched  the  movement  of  dunes  may  have  had 
an  opportunity  of  noting  that  they  are  often  found  with  their  surfaces  ^, 
ill  the  state  of  dry  sand  in  the  course  of  a  few  hours  after  a  heavy  rain. 
Observing  this  fact  and  knowing  how  readily  water  is  drawn  by  capil- 
larity through  the  materials  of  which  they  are  composed,  I  watched  the 
eifect  of  heavy  showers  on  these  wind-built  hills.  To  my  surprise  I 
found  that  after  a  summer  shower  giving  a  rainfall  of  an  inch  the  dune- 
materials  would  often  not  be  wet  for  more  than  three-fourths  of  an  inch 
beneath  the  surface ;  below  that  line  the  sand  remains  quite  dry,  wet 
sand  not  being  found  until  the  section  is  carried  some  feet  down  into 
the  mass. 

The  explanation  of  this  phenomenon  appears  to  be  as  follows :  When 
rain  falls  on  dry  sand  the  water  finds  difficulty  in  overcoming  the 
repulsion  which  the  dry  material  offers,  and  so  works  but  slowly  down- 
ward ;  at  the  same  time  the  interstices  of  the  outer  layer  pennits  it  to 
flow  down  the  slopes,  keeping  near  the  surface  until  it  reaches  the  bottom 
of  some  depression  such  as  abound  on  the  surfaces  of  dunes.  Here  the 
hydrostatic  pressure  becomes  sufficient  to  drive  the  fluid  downward. 
Only  in  the  winter,  when  the  water  in  the  upper  part  of  the  dune-sands 
h<ai»  been  from  time  to  time  frozen,  do  we  ordinarily  find  the  mass  wet  to 
the  depth  of  a  foot  or  more. 

MIQRA  TION. 

Little  affected  by  Rain, — In  consequence  of  this  peculiarity  of  dune- 
jfiinds  which  retards  their  deep  wetting  in  ordinary  seasons  they  are 
retained  in  marching  order.  In  a  few  hours  after  a  rain  the  thin,  water- 
soaked  layer,  not  having  water  supplied  to  it  from  below,  may  become 
perfectly  dry,  so  that  a  strong  wind  may  excavate  and  bear  away  large 
quantities  of  the  material.  I  am  inclined  to  believe  that  the  ready 
movements  of  these  sands  are  in  the  main  to  be  attributed  to  these  con- 
ditions. 

Retarded  by  Decay  of  the  Material — An  examination  of  the  dunes  of  the 
Atlantic  coast  has  shown  that  the  detritus  of  which  they  are  composed 
i?  generally  in  process  of  division  and  decay.  This  is  indicated  by  the 
fact  that  the  materials,  if  taken  from  a  site  where  they  have  evidently  re- 
mained for  years  in  repose,  show  the  existence  of  much  fine  dust,  while  the 
recent  accumulations  and  the  beach-sands  from  which  they  are  derived 
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may  exhibit  little  or  none  of  it.  Watching  the  movement  of  dune-sand^ 
we  note  that  if  the  marching  of  the  mass  be  considerable  the  amount  of 
fine  dust  blown  to  a  distance  by  the  wind  is  very  noticeable.  In  fact 
the  indefinite  advance  of  dunes  from  the  shores  is  to  a  great  extent 
hindered  by  this  process,  by  which  a  large  part  of  their  masses  is  con- 
verted into  dust  which  blows  far  away. 

Prevented  by  Vegetation. — The  process  of  decomposition,  which  is  indi- 
cated in  a  large  manner  by  the  amount  of  the  dust  developed  in  dune- 
materials  serves  in  another  way  to  bring  these  masses  into  stable  condi- 
tions. As  the  decay  advances,  the  mass  becomes  more  and  more  fitted  to 
sustain  plant  life,  particularly  the  grasses  that  have  become  specially 
adapted  to  the  environment  which  these  sands  afford ;  of  these  the  com- 
mon beach-grass  is  a  familiar  type.  This  plant  has  the  habit  of  sending 
certain  of  its  main  roots  to  a  great  depth,  where  they  are  tolerably  sure 
of  a  water-supply;  its  horizontal  shoots  are  forced  laterally  at  a  consid- 
erable depth  beneath  the  surface,  and  are  thus  in  a  measure  secureil 
against  risk  of  exposure  by  the  movement  of  the  sand,  while  the  leaves 
by  their  hard  nature  and  their  order  of  growth  are  well  fitted  to  resist 
the  cutting  action  oif  the  blown  sand  and  to  bring  it  to  rest  in  their  inter- 
spaces. In  fact  this  plant  of  all  the  dune-bearing  species  is  the  most 
effective  in  defending  the  accumulations  from  the  further  action  of  the 
wind. 

Limited  (uh  to  Distance. — The  decomposition  of  dune-materials  is  evi- 
dently favored  by  the  considerable  amount  of  organic  matter  which  is 
derived  with  the  sand  from  the  beaches;  it  is  also  rapidly  promoted  by 
the  vegetation  which  begins  to  feed  in  the  lean  soil,  so  that  the  distance 
inland  to  which  a  dune  can  in  ordinary  climatal  conditions  be  able  to 
journey  is  never  very  great. 
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Introduction. 


The  present  contribution  deals  with  certain  igneous  rocks  in  the  town- 
ships of  Ticonderoga,  Crown  Point,  Moriah,\Vestport,  Essex,  Willsborough 
and  Chesterfield,  which  lie  along  the  western  shore  of  lake  Champlain, 
in  Essex  county,  New  York.  In  them  the  most  important  phases  of  the 
great  igneous  body  that  forms  the  bulk  of  the  Adirondacks  are  illus- 
trated, and  in  many  particulars  petrographic  details  are  adduced  which 
have  not  been  previously  noted  from  this  region.  The  field  work  in 
Moriah  and  Westport  was  done  with  the  support  and  under  the  direc- 
tion of  Dr  F.  J.  H.  Merrill,  director  of  the  New  York  State  Museum,  and 
in  the  other  towns,  except  Chesterfield,  with  the  aid  of  the  trustees  of 
Columbia  College,  while  in  Chesterfield  and  a  number  of  interior  town- 
ships not  mentioned  here  the  writer  has  had  the  support  and  direction 
of  Professor  James  Hall,  state  geologist.  These  results  are  published 
with  the  approval  of  all  concerned.*  For  five  or  six  years  past  the 
writer  has  bi»en  making  annual  trips  into  the  Adirondacks  by  way  of 
reconnaissance,  and  the  conclusions  are  checked,  therefore,  by  a  wider 

*  Geologic  maps  and  sections  of  these  and  the  remaining  townships  of  the  mountains  have  been 
or  are  to  be  drawn  and  descriptions  written.  Those  on  Moriah  and  Westport  will  be  submitted  to 
Dr  F.  J.  H.  Merrill,  those  on  the  others,  so  far  as  completed,  to  Professor  James  Hall.  To  each  of 
these  KPDtlemen  for  permission  to  use  the  materials  employed  in  this  paper  the  writer  expresses 
his  grateful  acknowledgments. 

XXIX— Bull.  Giol.  Soc.  Am.,  Vol.  fi,  1893.  (213) 
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field  of  observation  than  the  immediate  text  would  indicate.  The  work 
will  be  continued  with  annual  increments  of  mapped  territory.  For 
clearness  a  brief  preliminary  sketch  of  the  geology  of  the  Adirondacks 
is  given. 

Review  of  the  Geology  of  the  Adirondacks. 

The  best  known  part  of  this  region  lies  in  Clinton,  Essex  and  Warren 
counties  on  the  east,  although  even  this  has  been  but  little  explored  since 
the  time  of  Ebenezer  Emmons.  Of  the  great  stretches  of  the  "  North 
Woods,"  in  Hamilton,  Herkimer,  Lewis,  Saint  Lawrence  and  Franklin 
counties,  much  less  has  been  recorded.  In  the  west  Professor  C.  H.  Smyth, 
Jr.,  of  Hamilton  College,  is  working  under  Professor  Hall,  and  in  CUnton 
and  Franklin  counties  Professor  H.  P.  Gushing,  of  Adelbert  College, 
as  assistant  to  the  writer — ^likewise  under  Professor  Hall.  There  is 
evidence  going  to  show  that  we  have  (A)  a  series  of  quartz-orthoclase 
(mostly  microi>erthitic)  gneisses,  which  may  contain  also  hornblende  or 
biotite  or  augite,  and  at  times  much  plagioclase ;  (B )  a  series  of  crys- 
talline limestones,  often  shading  into  ophicalcites  on  the  east  and  closely 
involved  with  black,  hornblendic  and  pyroxenic  schists  and  gneis8es; 
and  (C)  a  great  series  of  intruded,  plutonic  rocks  of  the  gabbro  family 
(anorthosites,  gabbro  proper,  olivine  gabbros,  and  norites)  which  pene- 
trate both  the  others  and  are  doubtless  of  later  date.  The  last  named 
series  has  suffered  (as  beyond  question  the  others  have  also)  such  ex- 
cessive metamorphism  as  to  be  at  times  strongly  gneissoid,  and  thus  to 
afford,  on  account  of  their  undoubted  intimate  association  as  intruded 
sheets  in  the  gneisses  of  A,  some  extremely  puzzling  facies.  The  augitic 
gneisses  of  series  A  are  also  troublesome  as  regards  their  relations,  and 
varieties  arise  about  which  there  might  be  justifiable  differences  of  opin- 
ion in  the  present  condition  of  our  knowledge,  but  in  their  typical  out- 
crops all  of  these  are  easily  identified  and,  as  a  broad  division,  the 
classification  will  probacy  hold.  After  series  C  come  the  Paleozoic 
sediments,  in  practically  unaltered  condition  and  representing  the  Pots- 
dam of  the  Upper  Cambrian,  and  the  Calciferous,  Chazy,  Trenton,  and 
Utica  of  the  Lower  Silurian,  all  in  fine  exposures  in  the  Champlain 
valley.*    A  great  series  of  feldspar-porphyry  and  basaltic  dikes  penetrate 

•The  olose  parallel  wrhioh  the  above  atfordM  with  the  generally  accepted  classification  of  Canada— 
the  Ottawa  Gneiss,  the  Grenville  Series,  and  the  Norian— will  be  at  once  apparent,  but  the  pcirallel 
is  not  complete  or  at  least  not  demonstrated  in  all  respects,  for  our  magnetites  apparently  lie  in 
the  lowoMt  of  all,  while  in  Canada  they  are  in  the  Grenville.  C.  E.  Hall,  in  1879,  proposed  for  the 
eastern  Adirondacks;  t.  Lower  Laurentian  Magnetic  Iron  Ore  Series;  II.  Laurentian  Sulphur  Ore 
Series;  III.  Crystalline  Limestones;  IV.  Labrador  Series  or  Upper  Laurentian  with  Titaniferous 
Ores.  The  relations  of  II  and  III  are  said  to  be  uncertain ;  but  later,  In  a  not«  the  limestone  of  Ul 
is  said  to  be  later  than  IV  (:i2nd  Annual  Report  of  the  N.  Y.  State  Cabinet,  1879,  p.  133).  A  full  roriew 
of  the  literature  bearing  on  the  region  h.'vs  been  given  by  the  writer  (J.  F.  K.)  in  the  Trans,  of  the 
N.  Y.  Academy,  vol.  xii,  1802,  p.  19,  and  another  by  Professor  C.  K.  Van  Hise  in  Bulletin  86,  U.  S.  Geol. 
Survey,  p.  386. 
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all  those  mentioned  from  the  oldest  to  and  including  the  Utica.  They 
are  not  of  stratigraphic  moment,  although  of  interesting  petrographic 
characters  * 

The  great  metamorphism  of  the  region  occurred  before  the  deposition 
of  the  Potsdam,  and  beyond  question  in  pre-Cambrian  times  great  geo- 
logic forces  of  this  nature  operated ;  but  all  the  Paleozoic  sediments 
have  suffered  faulting  and,  as  Brainerd  and  Seely  have  shown  by  careful 
work  in  several  districts,  especially  in  Vermont,  this  is  quite  extended. 
The  same  is  generally  true  of  the  New  York  shore,  although  in  less 
d^ree.  As  the  Green  mountain  axis  is  left  behind,  these  post-Ordovician 
upheavals  and  overthrusts  are  less  marked. 

Distribution  of  the  Gabbros. 

On  the  south  the  gabbroitic  rocks  are  found  in  the  western  part  of 
Ticonderoga  township  as  basic  members,  but  unless  some  doubtful 
gneisses  represent  them,  they  are  not  in  large  amount.  In  northwestern 
Crown  Point  township  and  southwestern  Moriah  a  great  ridge  offsets  to 
the  eastward  from  the  interior  mountains  and  forms  an  enormous  mass 
in  Moose  mountain,  Harris  mountain  and  others.  Anorthosites  are 
chiefly  present,  with  some  basic  developments,  around  bodies  of  titanifer- 
OU8  magnetite  on  Moose  mountain.  In  Moriah  there  are  various  outliers 
of  basic  gabbro,  but  most  interesting  of  all  is  the  exposure  along  the 
Delaware  and  Hudson  railway  track  for  three  miles  above  Port  Henry. 
The  cuts  show  dark  green  walls  of  this  igneous  rock,  with  interesting 
contacts  against  crystalline  limestone.  They  afford  both  normal  and 
olivine  gabbro  and  most  interesting  passages  into  gneissoid  facies  and 
developments  of  reaction  rims  around  the  basic  minerals.  All  the 
northern  portion  of  Westport  is  formed  of  the  gabbroitic  rocks,  mostly 
anorthosites,  and  in  the  ridge  of  Split  Rock  mountain  they  extend  for 
some  miles  along  the  lake  shore.  Western  Essex,  including  Boquet 
mountain,  consists  entirely  of  the  same  rock,  and  Trembleau  mountain, 
running  through  Chesterfield  township,  merely  repeats  Split  Rock. 

Facies  and  mineralogic  Comi>osition  of  the  Anorthosites. 

In  these  exposures  we  find  chiefly  coarsely  crystalline,  at  times 
gneissoid  facies  which  contain  much  more  labradorite  feldspar  than  any 
other  mineral.  Such  are  here  called  anorthosites,  following  the  precedent 
of  Dr  F.  D.  Adams,t  and  by  the  term,  which  in  these  regions  is  a  practi- 

•  S6«  Balletin  107,  U.  S.  Geol.  Survey. 

fF.  D.  AdAnan:  Uber  das  NoriiiQ  oder  Ober-LaurentiHn  von  Canada.    Neues  Jahrbuch,  Boil.  Baud 
vUi,  p.  423. 
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cally  indispensable  one,  is  meant  the  abnormally  feldspar-rich  members 
of  the  gabbro  family.  The  anorthosites  are  in  the  extreme  cases  quite  pure 
masses  of  labradorite,  but  these  have  seldom  escaped  dynamic  crushings 
and  now  present  nuclei  of  larger  fragments  surrounded  by  cataclastic 
rims.  The  feldspar  at  times  contains  copious  inclusions  of  dusty  particles 
which  are  opaque  and  apparently  oxide  of  iron.  In  some  cases  pyroxene 
crystals  of  minute  size  have  been  recognized.  All  these  micro-crystals 
are  regarded  as  original  inclusions  taken  up  as  the  feldspar  crystallized, 
and  the  same  view  is  held  by  Adams  *  in  what  seem  to  be  similar  cases 
in  the  Morin  district. 

Where  the  crushing  effects  have  been  very  strongly  developed  the 
rock  becomes  a  white,  marble-like  variety,  usually  much  altered.  The 
secondary  product  is  white,  gives  aggregate  polarization  when  light  can 
penetrate  it,  and  surrounds  fresh  fragments.  It  is  doubtless  saussuritic 
in  nature,  but,  save  in  exceptionally  thin  slides,  it  is  practically  opaque. 

The  commonest  mineral  after  the  labradorite  is  a  green,  monoclinic 
augite,  although  this  is  often  scarcely  more  abundant  than  a  brown  horn- 
blende, which  is  very  widespread.  In  the  more  basic  varieties  forming 
the  true  gabbros  the  former  often  has  the  extra  cleavages  of  diallage;  in 
other  respects  it  hardly  merits  more  extended  description.  The  horn- 
blende is  frequently  in  close  association  with  the  pyroxene,  but  there 
seems  no  reason  to  think  that  the  former  is  necessarily  of  secondary 
origin.  The  pleochroism  is  brown  along  c  and  6,  yellow  on  a,  Hyper- 
sthene  is  not  uncommon,  but  it  is  far  less  abundant  than  either  of  the 
other  bisilicates,  while  biotite,  in  the  area  described,  is  practically  limited 
to  the  basic  gabbros.  Deep  pink  garnets  are  well-nigh  universal,  and 
often  associated  in  the  most  intimate  way  with  the  pyroxene.  The  same 
cracks  pierce  both  minerals,  and,  though  the  line  of  demarcation  is  sharp, 
the  relation  makes  the  observer  suspect  that  the  garnet  has  resulted  from 
preexisting  pyroxene.  In  the  anorthosites  proper  the  reaction  rims,  cited 
later  as  occurring  in  the  basic  gabbros,  do  not  appear.  Magnetite  of 
titaniferous  character  is  known,  but  is  not  abundant  in  the  richly  felds- 
pathic  rocks. 

These  anorthosites,  while  present  to  a  considerable  degree  in  the  shore 
townships,  are  best  developed  back  in  the  mountains,  and  for  that  reason 
they  are  passed  with  brief  mention  here.  Besides,  they  are  much  better 
known  than  the  true  and  the  olivine  gabbros,  which  are  next  taken  up, 
and  to  which  this  paper  is  specially  devoted.  The  chemistry  of  the 
anorthosites  and  their  component  minerals  has  already  been  admirably 
and  thoroughly  treated  by  Dr  Leeds,t  and  to  his  paper  Dr  Julien  has 


♦Op.c it,  pp.  435-438. 

tA.  R.  Leeds:  Notes  upon  the  Lithology  of  the  .^dirondacks.  Thirtieth  An.  Rep.  New  York  State 
Museum,  1876. 
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added  some  brief  notes  on  the  microscopic  characters.    Dr  Leeds  also 
describes  the  macroscopic  characters. 

Occurrence  and  Petrography  of  the  basic  Gabbros.     , 

The  more  basic  gabbros  constitute  the  smaller  outlying  intrusions  and 
minor  portions  of  the  main  ridges,  which  consist  chiefly  of  anorthosite. 
The  best  exposure  of  all  is  on  the  lake  shore  just  north  of  Port  Henry. 
Two  great  intrusions  have  come  up  through  the  white  limestone  :  one  a 
quarter  of  a  mile  above  the  old  Bay  State  furnaces  and  one  under  the 
Cheever  ore  bed.  Others  are  met  in  Moose  mountain,  in  the  northwest 
corner  of  Crown  Point  township,  where  they  contain  titaniferous  magne- 
tites, which  have  been  opened  up  by  prospect  holes ;  still  others  in  fine 
exposure  on  a  hill  (locally  called  Ijcdge  hill)  about  three  miles  due  west 
of  Westport  village,  where  they  also  contain  notable  titaniferous  ore  beds ; 
and  again  as  the  wall-rock  of  the  old  and  quite  large  Split  Rock  mine, 
four  or  five  miles  north  of  Westport  and  fronting  the  lake.  A  number 
of  smaller  outcrops  could  also  be  added,  but  the  above  are  the  best. 

These  gabbros  are  rather  dark  basic  rocks,  with  an  ever  present  tendency 
on  the  part  of  the  plagioclase  in  specimens,  not  too  metamorphosed,  to 
develop  a  coarse  ophitic  structure.  The  broad  rods  of  the  feldspar  are 
quite  conspicuous,  while  between  them  are  the  dark  silicates.  The  i)la- 
gioclase  is  oftenest  greenish  in  the  hand  specimens  from  the  innumerable 
inclusions  which  range  themselves  toward  the  center  of  the  twin  lamella?, 
as  shown  in  figure  2.  They  render  the  feldspar  practically  opaque. 
They  do  not  appear  to  be  alteration  products,  but  with  high  magnifying 
powers  are  colorless  or  faint  green  and  rounded.  They  extinguish  with 
the  feldspar,  by  whose  optical  behavior  they  appear  overcome.  They  can 
only  be  studied  where  somewhat  dispersed  toward  the  edges  of  crystals. 
The  feldspar  is  apparently  labradorite.  Extinctions  in  the  fresh,  clear 
rims  of  crystals  are  prevailingly  5^-7®.  Where  noted  at  20°-25®  the 
emergence  of  a  positive  optic  axis  could  be  detected.  The  abundance  of 
inclusions  neutralizes  any  specific  gravity  determinations.  In  addition 
to  the  faint  green  inclusions  one  sees  minute  crystals  of  hornblende,  and 
probably  also  of  pyroxene,  ranged  in  regular  ranks,  and  reproducing 
familiar  phenomena.  Dark,  dusty  dots  have  been  noticed  by  many 
writers  on  gabbros  and  are  set  forth  at  length  in  petrographic  text-books. 
In  this  connection,  those  described  by  G.  H.  Williams  from  the  Balti- 
more* gabbros  and  the  norites  of  the  Cortlandf  series,  near  Peekskill, 
may  be  mentioned,  and  also  those  described  by  Adams  from  the  MorinJ 

•6.  H.  Williams:  Bulletin  28,  U.  S.  Geol.  Surrey,  IBSC,  p.  21. 

t  Idem. :  Am.  Jour.  Science,  February,  1887,  p.  141. 

tF.  D.  Adams:  Neues  Jahrbucli,  Beil.  Band  viil,  1893,  p.  435. 
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difltrict  of  Quebec,  and  by  I^wson  from  lake  Superior  ;*  but  in  these  in- 
stances from  lake  Champlain  the  dots  are  nearly  or  quite  colorless  and 
only  their  enormous  numbers,  coupled  with  their  refractive  properties, 
lead  to  opacity.  They  are  not  accompanied  by  rods  or  other  larger  or 
more  definite  forms,  although  they  themselves  are  ranged  in  ranks  par- 
allel with  the  brachy-pinacoid.  Figure  30,  given  by  Lacroixf  on  page 
232  of  his  valuable  paper  on  "  Gneiss  k  Pyroxene  et  des  Roches  k  Wer- 
n^rite,"  is  very  similar  in  its  general  appearance,  and  the  inclusions  are 
said  to  be  of  a  faint  green.  The  writer  is  inclined  to  regard  them,  as  does 
Lacroix,  as  fine  pyroxenie  dust  (they  are  less  than  0.01  mm.  in  diameter) 
and  hence  as  inclusions  and  not  alteration  products. 


FiQURE  I.— Thin  Section  {number  146)  of  Gabbro. 
Showing  reaction  rim  of  brown  hornblende  (H)  between  green  augite  (Py)  and  decomposed  lab- 
radorite  (F>.    Specimen  obtained  near  Port  Henry,  New  York. 

The  other  larger  minerals  are  light  green  monoclinic  pyroxene,  hyper- 
sthene,  grains  of  titan iferous  magnetite,  and  occasionally,  but  not  inva- 
riably, irregular  crystals  of  olivine.  Almost  always  around  each  of  these 
are  the  most  beautifully  developed  zones,  which  include,  in  one  and 
another,  brown  hornblende,  hy persthene,  garnet,  brown  biotite  and  quartz. 
The  simplest  case  is  shown  in  figure  1 .  Around  a  crystal  of  pyroxene 
(Py)  a  zone  of  brown  hornblende  (H)  in  small  individuals  has  gathered, 

•  A.  C.  Lawson:  Anorthosites  of  the  Minn.  Coast  of  Lake  Superior,  Bull.  8,  Minn.  Geo!.  Survey, 
1893,  p.  8. 
t  A.  Lacroix:  Bull,  de  la  Soc.  Min.  de  France,  vol.  xii.  1889,  p.  83;  see  especially  p.  228. 
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preventing  at  most  points  the  former  from  coming  in  contact  with  the 
feldspar  which  is  decomposed.*  A  few  small  garnets,  marked  G,  appear. 
More  complex  than  this  is  the  case  illustrated  in  figure  2.  Around  a 
crystal  of  magnetite,  undoubtedly  titaniferous,  have  gathered  first  a  rim 
of  brown  hornblende,  next  a  zone  of  pink  garnet,  and  then  the  feldspar, 
with  its  clear  rims  and  clouded  interior;  but  between  the  garnet  and  a 
hypersthene  crystal  that  is  marked  Hy,  there  is  a  further  zone  of  clear 
irregular  bits  of  quartz.  This  series  is  oftentimes  increased  by  the  pres- 
ence of  brown  biotite  next  the  grain  of  ore.  A  most  peculiar  change 
appears  in  figure  3.    The  interior  grain  of  magnetite  is  surrounded  as 


FiGURZ  2.—  Thin  Section  {number  237)  of  Oabbro. 
Showing  reaction  rims  of  successive  sones  of  brown  hornblende  (H),  K<^rnet  (G),  quarU  (Q) 
around  titaniferous  magnetite  (Mg)  or  hypersthene  (Hy)  and  between  them  and  labradorite  (F  . 
The  outer  portions  of  the  ]aV>radorite  are  clear  because  of  the  absence  of  inclusions.    The  speci* 
mtfD  was  obtained  from  the  hanging  wall  of  Split  Rock  mine,  Westport,  New  York. 

usual  by  brown  hornblende ;  then  follows  a  clear  streak  of  quartz  and  next 
the  garnet;  the  last  named  is  not,  however,  in  irregular  grains  as  before, 
hut  has  worked  into  the  labradorite,  replacing  its  alternate  lamellae.  This 
has  been  noticed  on  several  slides,  and  gives  a  very  peculiar  effect.  At 
tira«  only  a  nest  of  brown  hornblende  fragments  remains  as  the  nucleus, 
the  core  mineral,  if  such  there  were,  having  been  all  absorbed.  An  ad- 
ditional mineral  sometimes  appears  next  the  magnetite  and  is  brown 

^Compare  Lacroix:  Op.  cit.,  p.  245,  figure  40. 
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biotite,  the  succession  outside  of  it  then  being  as  above.  Zones  or 
"  crowns  "  or  "  aureoles,"  similar  in  all  respects  to  these  except  as  regards 
quartz,  have  been  noted  by  Lacroix  in  the  reference  above  given  and  are 
pictured  in  the  figure  there  cited.  The  closeness  of  the  parallel  will  ap- 
pear at  once  to  any  one  who  will  compare  it  with. figure  2  of  this  paper, 
but  the  replacement  of  alternate  lamellae  of  feldspar  seems  not  to  have 
been  previously  noted.  These  zones  are  regarded  by  the  writer  as  sec- 
ondary, at  least  in  large  part.  The  garnet  certainly  is,  as  shown  by  its 
relation  to  the  feldspar.  The  quartz  is  doubtless  residual  silica  from  the 
excess  left  in  the  alteration  to  garnet  of  a  more  acidic  mineral — ^the  lab- 
radorite.    Of  the  brown  hornblende  and  biotite  one  can  speak  with  less 


FiauRB  3.— Thin  Section  {number  112)  of  Oabhro. 
Showing  reaction  rims  of  brown  hornblende  (H),  quartz  (Q),  and  garnet  (G)  between  magnetite 
(Mk)  and  labradorite  (F).    The  garnet  replaces  alternate  lamellee  of  the  labradorite.    Specimen  ob- 
tained from  Westport,  New  York. 

positiveness.  The  nests  of  the  former  without  a  core  of  magnetite  lend 
weight  to  the  view  that  they  are  secondary.  Biotite,  forming  border  scales 
on  magnetite  is  a  very  common  phenomenon  in  many  rocks.  Dr  Wads- 
worth*  has  figured  it  as  secondary  in  a  Minnesota  gabbro,  and  thinks  it 
due  to  the  reaction  between  magnetite  and  feldspar.  The  writer  has  been 
previously  inclined  to  regard  it  as  originaLf 

•  M.  E.  Wadsworth:  Minn.  Geol.  Surv.  Bull.  2. 1887,  plate  vi.  fig.  1. 

t  J.  F.  Kemp  and  V.  F.  Marsters:  Trap  Dikes  in  the  Lake  Champlain  Valley,  etc.    Trans.  N.  T. 
Acad.  Science,  vol.  xi,  1891,  p.  19. 
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The  commonest  reaction  rims  or  zones  of  minerals  elsewhere  noted 
have  been  around  olivine  and  apparently  due  to  its  proximity  to  feldspar. 
In  this  case  we  usually  see  next  the  olivine  a  rim  of  hypersthene  granules, 
outside  of  which  is  actinolite  in  radiating  fibers,  often  with  small  spinels 
entangled,  and  then  the  plagioclase.  Various  modifications  of  this  suc- 
cession have  also  been  recorded,  a  brief  review  of  which  is  given  below.* 
In  the  lake  Champlain  gabbros  the  following  zones  were  noted  around 
olivine :  Next  the  olivine  is  a  zone  of  granular  hypersthene,  next  quartz, 
next  garnet  and  then  feldspar  (slide  121),  or  we  may  have  olivine,  hyper- 
sthene, brown  hornblende,  garnet,  feldspar  (slide  146).  There  may  even 
be  nests  of  hypersthene  bits,  with  garnet  rims,  the  olivine  having  appar- 
ently been  exhausted.  In  the  same  specimen  of  rock  (slide  146)  the 
slide  shows  also  the  ramifying  branches  and  rods  of  pyroxene  such  as 
were  figured  by  W.  S.  Bayley  f  and  regarded  as  original  intergrowths. 
They  occur  in  great  numbers  in  some  of  the  writer's  slides,  almost  form- 
ing streams  outward  from  the  olivine.  In  the  outcrop  north  of  Port 
Henry,  along  the  lake  shore,  most  interesting  passages  of  the  ophitic 
gabbro  into  bands  of  thinly  foliated,  gneissoid  structure  can  be  traced. 
This  has  doubtless  been  induced  by  pressure,  and  the  gneissoid  character 
has  been  caused  by  the  stretching  of  the  dark  silicates  and  of  the  feldspar 
into  elongated,  parallel  lenses.  In  such  specimens  brown  hornblende 
becomes  especially  prominent  and  replaces  quite  entirely  the  pyroxene. 
It  would  appear  to  be  secondary.  Evidence  of  dynamic  eflTects  is  every- 
where present  in  the  slides. 

•A.  Olivine  surrounded  by  auccessiTe  Bonen  of  tremoUte  and  notlnolite.  Tdrnebohm :  in  Swedish 
hyperite.  Neues  Jahrbuch.,  1877,  p.  383.  Lacroix :  in  gabbro  of  Pallet,  France.  Bull.  Soc.  Min.  Fr., 
Tol.  zil,  1889,  p.  2». 

B.  Olivine  with  suocesBiTe  sones  of  biotite  and  talc.    Julien :  Oeol.  of  Wis.,  vol.  iii,  1880,  p.  236. 

C.  OliTine  with  successive  zones  of  anthophyllite  and  actinolite.  Becke :  in  Austria  and  at  Ross- 
weln.  Saxony.  Tscher.  Mitth.,  vol.  iv,  1R82,  pp.  331,  450.  Teall :  at  the  Lizard,  in  England.  Mln. 
Magazine,  October,  1888,  p.  116. 

D.  Olivine  with  successive  zones  of  hjrpersthene  and  actinolite.  F.  D.  Adams :  f^om  the  Saguenay 
river,  Canada.  Am.  Naturalist,  November,  1885,  p.  1087.  T.  G.  Bonney :  from  Aberdeenshire.  Oeol, 
Magazine,  October,  1885,  p.  439.  J.  H.  Hatch :  from  Madagascar.  Quar.  Jour.  Oeol.  Soc.,  May,  1889, 
p.  343.  J.  W.  Judd :  locality  not  stated.  Jour.  Chem.  Soc.  London,  vol.  Ivii,  1890,  p.  423.  W.  D. 
Matthew,  gabbro  near  Saint  John,  New  Brunswick.  Trans.  N.  Y.  Acad.  Scl.,  April,  1894.  Probably 
the  cases  cited  by  O.  H.  Williams  of  olivine,  colorless  pyroxene  and  actinolite  belong  here.  Balti- 
more gabbros,  Ball.  28,  U.  S.  Geol.  Survey,  1886,  p.  52 ;  Peekskill,  N.  Y.,  Am.  Jour.  Sci.,  January,  1886, 
p.  35. 

£.  Olivine  with  successive  zones  of  hypersthene  and  garnet.    Kemp,  this  contribution,  1893. 

F.  Hypersthene  with  successive  zones  of  actinolite  and  hornblende.  G.  H.  Williams:  Baltimore 
gabbroe.    Bull.  28,  U.  8.  Geol.  Survey,  1886,  p.  42. 

G.  Titaniferous  magnetite  surrounded  by  successive  zones  of  biotite,  brown  hornblende,  garnet. 
Lacroix :  at  Odegarden,  Norway.  Bull.  Soc.  Min.  Fr.,  vol.  xii,  1889,  p.  232.  Kemp,  this  contribution, 
1883 ;  also  with  zone  of  quartz. 

Other  zones  like  the  ^  kelyphite  "  around  garnet  i^re  not  mentioned  here,  as  they  have  no  direct 
connection  with  this  paper. 

fW.  S.  Bayley:  Fibrous  Intergrowths  of  Augite  and  Plagioclase  in  a  Minnesota  Gabbro.  Am. 
Jour.  ScL,  June,  1892,  p.  515. 

XXX— Bull.  Gcol  Soo.  Am.,  Vol.  6,  1893. 
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OU8  intrusions  are  found  *    Scapolite  is  especially  characteristic  of  such, 
and  invariably  with  it  are  hornblende,  pyroxene  and  titanite. 

Conclusions. 

The  exposures  treated  in  the  above  pages  illustrate  again  the  varia- 
bility of  great  masses  of  gabbroitic  rocks  and  the  rapid  changes  from 
place  to  place  which  they  so  frequently  show,  both  in  mineralogy  and 
structure.  This  has  been  already  noted  by  G.  H.  Williams,  F.  D.  Adams 
and  others.  We  need  not  be  surprised  to  find  examples  extending  from 
quite  pure  feldspathic  aggregates  to  basic  gabbros,  and  even,  as  in  the 
Baltimore  and  Peekskill  exposures,  to  peridotites  and  pyroxenites,  but 
at  the  same  time  the  close  genetic  relations  of  such  rocks  cannot  be  too 
strongly  emphasized  by  petrologists.  The  wide  distribution  of  the  reac- 
tion rims,  corrosion  zones,  crowns,  aureoles,  et  cetera,  call  them  as  we 
may,  is  also  worthy  of  remark,  as  so  many  gabbros  show  them  in  vari- 
ous parts  of  the  world.  The  same  is  true  of  the  bodies  of  iron  ore  which 
mark  the  extreme  phase  of  basic  development,  although  in  relatively 
limited  amount  and  of  very  local  character.  In  many  places  the  contact 
effects  of  these  intrusions  on  limestones  are  so  similar  that  one  is  inclined 
to  suspect  the  near  presence  of  igneous  rocks  wherever  these  contact 
minerals,  and  especially  scapolite,  are  reported  in  limestone. 

*  Compare  J.  F.  Kemp :  On  Van  Artodalen's  Quarry,  Bucks  County,  Pennsylrania.  Trans.  N.  T. 
Acad.  Sci.,  vol.  xli,  1892,  p.  19.  Kemp  and  Rollick  :  On  the  Granite  of  Mount  Adam  and  Moant  Ere, 
Orange  County,  New  York,  and  its  Contact  Phenomena.  Annals  of  the  N.  Y.  Acad.  Sci.,  toI.  viii, 
January,  1894. 

Not  a  few  similar  cases  are  cited  by  Lacroix  in  the  paper  on  **  Gneiss  A  pyrozdoe  et  des  roches  i 
wern6rite,'*  to  which  frequent  reference  has  been  made  abo?e. 
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Ititrodwjtory, — The  phenomenon  to  be  described  in  the  following  pages 
i.s  that  of  the  occurrence  of  sandstone — a  rock  composed  of  worn  sand 
grains— as  the  filling  of  an  extensive  system  of  fissures  in  granite  and 
under  circumstances  indicating  that  the  sand  was  forced  into  the  fissures 
under  great  pressure. 

Region  of  Occurrence. — The  sandstone  masses  in  question  occur  in  the 
Pikes  peak  region,  in  Colorado,  and  were  discovered  in  the  course  of  a 
geological  survey  of  the  district  during  the  [)ast  summer  of  1893.t  The 
dikes  observed  are  limited  to  a  belt  about  ten  miles  long  and  one  mile 
wide,  with  a  trend  north-northwest  to  south -southeast,  the  southern  end 
of  which  is  about  five  miles  north  of  Pikes  peak.  This  belt  lies  on  the 
weatem  side  of  the  narrow  Manitou  j)ark  basin  of  sedimentary  rocks,  at 
a  distance  six  to  eight  miles  west  from  the  border  of  the  (rreat  plains, 
and  1,500  feet  above  them. 

*PriDted  by  permission  of  the  Director  or  the  United  StHtes  GcoloKicAl  Survey. 

t  Prior  to  eoterioK  upon  the  fiehi-worlc  Professor  G.  H.  Stone,  of  Colorado  Springs,  called  the 
writer's  attention  t-o  the  occurrence  of  inolated  sandHtone  hodien  in  the  Pikes  peak  granite  area, 
the  origin  of  which  was  not  known  to  him.  Some  of  the  maj*seH  referred  to  by  Professor  Stone 
were  found  to  be  dikes,  while  others  were  of  entirely  different  character.  In  the  field  study  of  the 
dikes  Mr  E.  B.  Mathews,  Fellow  in  Johns  Hopkins  University,  took  part,  as  geological  assistant. 
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Characteristics  and  Mode  of  Occurroice. — The  dikes  have  a  general  trend 
parallel  to  the  belt  in  which  they  occur.  They  stand  vertical  or  have  a 
steep  dip  to  the  northeast,  and  often  appear  as  a  complex  of  nearly  par- 
allel fissures  with  many  bmnches  and  connecting:  arms.  In  width  they 
vary  greatly.  The  larger  number  are  a  few  inches  or  a  few  feet  thick, 
but  many  of  the  smaller  branches  thin  out  to  a  mere  film.  On  the  other 
hand  several  dikes  are  many  yards  wide,  and  two  form  prominent  ridges 
with  a  width  of  from  two  to  three  hundred  yards  each. 

The  length  of  the  dikes  cannot  be  accuratel}'  determined,  for  the  sur- 
rounding granite  is  so  much  disintegrated  by  weathering  that  its  gravel 
covers  and  conceals  the  dikes  wherever  they  are  broken  down.  The 
largest  ones,  however,  may  be  followed  for  nearly  a  mile,  and  they  are 
doubtless' directly  connected  with  some  of  the  smaller  ones  whose  out- 
crops are  interrupted  by  the  granite  gravel.  All  evidence  tends  to  show 
that  the  dike  fissures  belong  to  a  single  system  and  that  they  are  con- 
nected at  points  not  now  exposed.  Certain  bands  of  small  dikes  are 
visibly  connected  by  so  many  cross-fissures  that  the  granite  is  locally 
divided  into  wedges  or  angular  blocks.  The  figures  of  the  accomi)anying 
plate,  representing  two  faces  of  the  same  specimen,  illustrate  the  char- 
acter of  the  fissures  anc^  their  complicated  branching,  such  as  may  fre- 
quently be  observed  between  the  larger  dikes  of  a  cdmplex. 

The  larger  dikes  form  ridges  with  narrow  crests  rising  abruptly  three 
or  four  hundred  feet  above  the  parallel  gulches.  The  hard  and  much 
jointed  dike-rock  causes  very  rugged  forms  contrasting  markedly  with 
the  gently  sloping  hills  of  granite  about  them.  Dikes  a  few  feet  wide 
often  stand  out  as  walls  above  the  gravel  surface. 

The  smaller  dikes  have  walls  which  are  apparently  parallel  planes  and 
the  contacts  are  ver}'  sharply  defined.  The  larger  ones  have  a  flat  len- 
ticular shape  in  horizontal  section.  In  all  formal  relationships  to  the 
enclosing  rock  these  bodies  are  as  typical  dikes  as  an}^  of  igneous  origin. 

As  the  best  exposures  of  these  bodies  are  easily  accessible  from  either 
the  Woodland  Park  or  the  Green  Mountain  Falls  station  on  the  Colo- 
rado Midland  railroad,  some  further  details  of  their  occurrence  will  he 
given,  for  the  benefit  of  those  who  may  have  opportunity  to  visit  this 
district.  At  a  point  one  and  one-half  miles  above  Green  Mountain  Falls 
the  main  western .  branch  of  Fountain  creek  issues  through  a  narrow 
gulch  in  granite  hills  into  the  southern  end  of  the  long  depression  occu- 
pied by  the  sedimentary  rocks  of  Silurian  and  of  Carboniferous  (?)  age, 
which  extend  from  this  point  northward  for  eighteen  miles  through 
Manitou  park.*     The  sandstone  dikes  are  most  beautifully  shown  on 

•See  Hayden'H  Atlas  of  Colorado,  sheet  xiii. 
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both  banks  of  this  branch  of  Fountain  creek  for  two  miles  or  more 
aV>ove  the  forks.  On  the  northeast  side  is  one  of  the  largest  dikes,  form- 
ing a  shaq)  and  very  jagged  ridge  more  than  half  a  mile  long.  On  the 
opposite  hillside  numerous  small  dikes  are  exposed,  but  the  most  excel- 
lent outcrops  are  about  one  and  one-half  miles  above  the  forks  of  the 
gulch,  where  its  course  is  east  and  west,  on  the  northern  side.  Here 
several  bands  of  small  dikes  are  found,  some  forming  wall-like  projec- 
tions, while  the  ramification  is  very  plain. 

Another  excellent  exposure  of  dikes  has  been  made  by  a  railroad  cut 
one  and  one-half  miles  southwest  of  Woodland  Park,  on  the  west  side  of 
a  little  divide.  Here  the  road  turns  abruptly  to  the  south  around  a  hill 
of  red  ([uartzite  caused  by  a  large  dike,  whose  contacts  are  not  well 
shown,  except  in  the  cutting  on  the  west  side,  at  which  place  the  main 
contact  is  exposed,  and  also  a  dozen  or  more  small  dikes,  within  fifty 
feet  of  the  large  one.     The  relationships  are  very  clear  at  this  point. 

The  largest  dike  is  one  and  a  half  miles  due  west  of  Woodland  Park. 
It  forms  a  ridge  several  hundred  feet  high,  of  very  rugged  outline,  and 
its  maximum  width  was  estimated  at  over  300  yards,  though  the  exact 
contacts  were  covered  by  d6bris  at  the  points  visited.  This  dike  extends 
northward  for  a  mile  or  more  with  decreasing  thickness  and  probably 
divides  into  seveml  bninches.  It  is  not  known  how  far  the  dikes  extend 
to  the  northward. 

The  Dike-rock. — The  rock  of  the  dikes  is  a  fine  and  even-grained  aggre- 
gate of  sand  grains,  variously  indurated.  In  some  cases  it  has  the  saccha- 
roidal  texture  seen  in  many  massive  sedimentary  sandstones,  but  it  is 
more  commonly  indurated  to  a  dense,  bard  quartzite.  Except  for  a  local 
and  .subordinate  banding  adjacent  and  parallel  to  the  walls  of  a  few  dikes, 
jthe  rock,  even  of  the  largest  dikes,  is  remarkably  massive  and  uniform 
in  character  from  wall  to  wall.  A  dull  red  color,  of  various  shades  in 
different  dikes  and  due  to  flakes  of  limonite,  is  characteristic  of  the 
masses. 

The  rock  is  extremely  tough,  as  a  rule,  and  the  breaking  down  of  the 
dikes  is  chiefly  due  to  a  jointing,  which  is  generally  developed  parallel 
or  at  right  angles  to  the  walls,  but  may  be  quite  irregular.  This  jointing 
l^roduces  debris  of  small,  sharj)ly  angular  fragments,  which,  as  talus,  con- 
ceals the  contacts  of  the  larger  dikes  in  most  places. 

The  constitution  of  the  dike-rock  is  evident  to  the  naked  eye  in  most 
cases,  and  a  hand-lens  shows  the  character  of  the  densest  masses.  Micro- 
scopical examination  simply  demonstrates  the  extraordinary  purity  of 
the  sand,  showing  that  it  consists  almost  wholly  of  quartz  grains,  many  of 
which  are  well  rounded,  while  few  are  sharply  angular.    There  is  a  very 
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little  clear  feldspar,  either  orthoclase,  niicrocline  or  plagioclase.  Many  of 
the  quartz  grains  contain  inclusions  of  apatite  and  zircon  and  a  few  small, 
round  inclusions  probahly  of  hornblende,  but  neither  mica,  amphibole 
nor  pyroxene  has  been  seen  in  sand  particles.  The  average  size  of  the 
quartz  grains  is  less  than  1  mm.,  and  in  many  cases  is  less  than  0.5  mm. 
A  few  larger  grains  are  seen  in  some  dikes. 

The  induration  is  mainly  due  to  limonite  in  small  fljikes,  and  in  less 
degree  to  muscovite  in  minute  leaflets  wrapped  about  the  grains.  Occa- 
sionally there  appears  to  be  some  secondary  silica,  but  a  distinct  enlarge- 
ment of  the  quartz  grains  is  rare.  Tourmaline  and  other  corresponding 
secondary  minerals  are  wholly  absent.  Minute  fluid  and  gas  inclusions 
are  common  in  the  quartz. 

The  mineral  composition  of  the  sand  and  the  size  and  form  of  the 
grains  are  practically  the  same  in  all  dikes,  large  and  small.  Occasion- 
ally angular  fragments  of  the  adjoining  granite  are  mingled  with  the 
sand,  but  cases  are  extremely  rare  where  any  difficulty  arises  in  distin- 
guishing this  material  from  the  sand  of  foreign  origin. 

Oi'igin  of  the  Dikes. — As  far  as  the  writer  is  aware,  no  other  occurrence 
of  sandstone  dikes  in  granite  has  ever  been  described.  As  dikes  of  sand- 
stone they  may  be  compared  with  the  remarkable  occurrences  in  Cali- 
fornia described  by  Diller*  in  the  first  volume  of  this  Bulletin ;  but  the 
dikes  of  this  latter  occurrence  were  in  shales  of  a  great  sedimentary  com- 
plex of  Cretaceous  age,  and  they  were  parallel  to  a  system  of  jointing 
planes  in  the  strata.  Moreover,  Diller  noted  that  below  the  horizons 
occupied  by  the  diKes  there  occurred  sandstone  strata  of  a  composition 
identical  with  that  of  the  dike-rocks.  The  very  plausible  theory  pre- 
sented by  Diller  was  that  the  fissures  represented  by  the  dikes  were 
formed  by  earthquake  shock,  and  that  the  sand  was  injected  as  quick- 
sand into  the  fissures  under  hydrostatic  pressure  from  unconsolidated 
water-bearing  sand  layers  below.  He  observed  many  minor  details  sup- 
porting this  theory. 

It  is  clear  that  the  sandstone  dikes  described  above  are  far  more  diffi- 
cult to  explain  than  those  of  California,  in  that  the  known  facts  do  not 
indicate  the  source  of  the  sand  ;  yet  the  physical  and  mechanical  facts 
do  seem  to  show  that  the  fissures  of  this  dike  complex  were  filled  by  fine 
quicksand  injected  from  a  source  contiiining  a  large  amount  of  homoge- 
neous material.  On  the  one  hand,  it  is  impossible  to  suppose  that  such  a 
system  of  fissures,  large  and  small,  with  their  many  intersections,  could 
remain  open  to  be  filled  by  any  slow  process,  and,  on  the  other,  it  is 
equally  impossible  to  believe  that  the  uniformity  and  purity  of  the  mate- 

•  J.  S.  Diller,  Sandstone  Dikes:  Bull.  Geol.  Soc.  of  Am.,  vol.  1, 1880.  p.  411. 
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rial  filling  fissures,  varying  from  mere  films  on  cleavage  planes  of  ortho- 
clase  grains  in  the  granite  to  dikes  several  hundred  yards  in  width,  could 
have  resulted  from  infiltration. 

It  has  been  stated  above  that  the  belt  of  observed  dikes  lies  adjacent 
and  parallel  to  the  Manitou  park  basin  of  sedimentary  rocks,  the  princi- 
pal element  in  which  is  the  red  sandstones  and  grits  of  the  Carbonifer- 
ous (?)  or  Trias  (?).  These  beds  are,  however,  of  much  coarser  and  more 
heterogeneous  character  than  the  dike-rock,  and  the  observations  made 
do  not  suggest  that  the  proximity  is  anything  more  than  accidental.  It 
is  not  known  that  the  dikes  are  younger  than  the  sediments,  for  they 
were  nowhere  found  in  contact.  The  strata  of  the  basin  are  now  seen  at 
the  same  level  with  the  dikes,  but  faulting  and  a  synclinal  fold  have 
<*learly  lowered  them  with  reference  to  the  granite  on  either  side.  Finally, 
it  is  probable  that  the  dikes  are  not  limited  to  the  vicinity  of  the  sedi- 
mentary basin.  Neither  end  of  the  belt  containing  the  dikes  was  de- 
termined, i^nd  an  observation  by  Professor  G.  H.  Stone  shows  plainly 
that  sandstone  dikes  do  occur  in  the  same  general  strike  line  and  far 
removed  from  any  sedimentary  rocks. 

Professor  Stone  *  has  published  a  short  note  on  **  The  Turkey  Creek 
Mining  District,  El  Paso  county,  Colorado,"  which  lies  to  the  southeast 
of  Pikes  peak,  in  the  granite  mountain  area  and  several  miles  from  the 
border  of  the  plains.  The  locality  is  about  eighteen  miles  a  little  east 
of  south  from  the  southernmost  dike  observed  by  the  writer.  Referring 
to  the  principal  lode,  Professor  Stone  describes  it  as  follows : 

"  It  is  a  narrow  strip  of  pink  or  reddish  rock  that  outcrops  at  intervals  and  lias 
lieen  located  for  about  12  miles.  Its  direction  is  nearly  north  and  south.  It  is 
l>ordered  on  both  sides  by  granite-gneiss  and  other  Archean  rocks.  To  the  unas- 
sisted eye  this  so-called  lode  often  presents  the  compact  appearance  of  an  igneous 
r(x*k,  but  examined  in  thin  section  under  the  microscope  it  is  plainly  seen  to  be 
a  line-grained  sandstone.  The  grains  are  of  quartz.  They  are  nearly  all  well 
rounded,  and  their  interstices  are  filled  with  an  iron-rusty  cement.  In  places  the 
grains  are  larger,  some  one-sixteenth  of  an  inch  in  diameter,  and  easily  recogniz- 
able by  the  eye." 

Through  the  courtesy  of  Professor  Stone  the  writer  has  been  able  to 
examine  a  thin  section  of  this  "  lode  "  rock,  and  it  is,  as  would  appear 
from  the  above  description,  identical  in  character  with  the  dike-rocks  to 
the  north  of  Pikes  peak.  If  then  the  Turkey  creek  rock  belongs  to  the 
(like  sj'stem  described  in  this  paper,  it  is  unlikely  that  the  latter  has  any 
direct  connection  with  the  sedimentary  rocks  of  Manitou  park.     Further 

^Engineoring  and  Mining  Journal,  September  9, 1893. 
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detailed  study  is  necessary  before  a  plausible  theory  as  to  the  origin  of 
these  dikes  can  be  advanced. 

The  coincidence  in  direction  between  the  dike  system  and  the  struc- 
tural axis  of  the  Front  range  would  indicate  that  the  dike  fissures  were 
formed  during  some  period  of  orographic  movement ;  but  as  movement!? 
parallel  to  this  axis  are  known  to  have  been  repeated  at  intervals  from 
very  remote  geolo;;ic  periods  down  to  the  Tertiary  or  even  more  recent 
time,  this  coincidence  is  of  no  value  in  ascertaining  the  age  of  the  dikes. 
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Introductory. 


The  effects  of  orogenic  movements  so  obvious  even' where  in  all  moun- 
tainous regions  rapidly  lose  their  more  salient  characteristics  as  the  dis- 
tance increases  from  the  heart  of  the  system  to  the  more  level,  plain-like 
districts  above  which  they  rise.  In  the  lowland  plains,  such  as  exist  in 
the  Mississippi  basin,  the  corrading  power  of  running  water  is  reduced  to 
a  minimum,  and  profound  secular  decay  or  heavy  glacial  accumulations 
.obscure  almost  completely  everything  except  the  most  prominent  struc- 
tural features.  Indications  of  low  folds  or  shallow  synclines  are  often 
visible  in  this  region,  but  dislocations  of  strata  are  rarely  found.  That 
the  latter  are  much  more  frequent  than  is  perhaps  generally  supposed, 
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subsequent  considerations  will  show.  The  phenomena  here  recorded 
apply  more  especially  to  the  western  interior  coal  basin  occupied  in 
part  by  Iowa  and  Missouri,  as  in  this  district  most  of  the  observations 
were  made. 

Carboniferous  Basin  of  the  Mississippi  Valley. 

Extent. — The  broad  undulatory  plain  which  ocoui)ies  the  central  por- 
tion of  the  American  continent,  stretching  out  from  the  base  of  the 
Appalachians  to  the  foot-hills  of  the  Rocky  mountains,  makes  up  the 
princi])al  portion  of  what  is  known  as  the  Continental  Interior  region. 
It  spreads  out  in  one  direction  for  more  tlum  nine  hundred  miles  and 
in  another  over  twelve  hundred.  It^  superficial  contents  are  upward 
of  one  million  square  miles,  or  more  than  one-third  of  the  entire  areiil 
mileage  of  the  United  States.  This  vast  expanse  of  country,  whose  sur 
face  is  unbroken  by  mountains  and  whose  borders  are  untouched  by  the 
waters  of  tlie  sea,  has  been  aptly  designated  a  great  basin.  The  Great 
Mississippi  basin  it  is  called,  from  the  majestic  river,  the  "  Father  of 
Waters,"  which  flows  centrally  through  it. 

The  region  may  be  properly  regarded  as  a  wide  stretch  of  lowland 
sloping  gently  in  all  directions  from  the  margins  toward  the  center  and 
southward.  The  "  Great  Plains  ''  form  the  western  portion  of  the  region ; 
the  rolling  prairies  of  the '^  Upper  Mississippi "  the  median  part;  the 
fertile  valley  of  the  Ohio  and  the  Cumberland  plateau  the  eastern  sec- 
tion. No  marked  contriusts  of  altitude  break  the  surface  relief  of  the 
Mississippi  basin.  The  lowest  point,  in  the  south-central  part,  is  about 
four  hundred  feet  above  tide  level ;  the  highest  places  are  on  the  northern 
and  western  margins,  where  the  mean  elevation  is  not  far  from  two 
thousand  feet. 

The  contrasts  of  relief  to  be  noted  in  considering  the  Interior  basin 
are  not  those  between  different  })arts  of  the  plain  itself,  but  those  between 
the  basin  as  a  whole  and  the  region  immediately  around  it.  Beyond 
the  boundaries  in  nearly  every  direction  a  mountainous  physiognomy 
is  presented.  The  Ap])alachians  on  the  east  and  southeast,  the  Rocky 
mountains  on  the  west,  the  highlands  of  the  Great  lakes  region  north- 
ward, all  stand  out  sharply  against  the  country  they  surround.  They 
all  tell  of  powerful  dynamic  action  which  has  been  at  work  elevating 
broad  stretches  of  territory  ;  of  C(mtinental  movements  which  have  oper- 
ated on  a  grand  scale. 

On  the  whole,  erosive  agencies  have  not  acted  vigorously  since  the  de- 
posits of  the  Mississip|)i  valley  were  originally  laid  down  in  the  old  Car- 
boniferous seas.  Through  most  of  the  long  ]>eriod,  from  the  time  when 
the  beds  were  first  raised  above  the  level  of  the  waters  of  the  great 
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interior  sea  at  the  close  of  the  Carboniferous  age  to  the  present  date,  the 
vast  region  must  have  been  nearly  the  same  level  lowland  that  it  is  today  ; 
a  plain  whose  surface  has  remained  nearly  at  baselevel  for  ages,  some- 
times rising  slightly,  sometimes  sinking  a  little,  but  never  oscillating  far 
either  one  way  or  the  other. 

Structure. — Great  as  is  the  difference  between  the  broad  central  area 
of  low  lying  plains  and  its  high  serrated  borders,  there  is  a  diversity  of 
structural  features  in  the  geologic  details  of  eacli  of  the  two  districts  as 
distinct  and  as  far  removed  from  one  another  in  character  as  are  the  two 
widely  separated  types  of  surface  sculpture.  On  the  one  hand,  through- 
out the  marginal  region  of  the  interior  basin  the  elevation  of  the  land 
has  been  accompanied  by  violent  disturbances  in  the  strata — folding, 
crumpling,  breaking,  grinding  the  once  horizontal  beds  until  now  they 
lie  at  high  angles,  with  upturned  edges  everywhere  exposed  to  the  swift 
ravages  of  nature's  destructive  agencies.  The  bold,  rugged  contours  of 
the  mountain  surface  thus  disclose  the  complicated  structure  of  rocky 
beds  beneath.  On  the  other  hand,  the  lowland  plain  presents  its  strata 
spread  out  in  broad,  nearly  level  sheets  much  in  the  same  position  as 
when  they  were  first  laid  down.  Although  made  up  almost  entirely  of 
sediments  dating  back  in  their  origin  to  old  Paleozoic  times,  it  is  indeed 
(|uite  remarkable  that,  formed  at  a  period  remote  even  in  geologic  units 
of  time,  the  structural  changes  should  be  no  greater  than  they  are  and 
that  the  r^ion  should  still  retain  over  the  greater  part  of  its  extent  the 
same  simplicity  of  geologic  structure  that  is  found  today  among  the 
modern  depositions  of  the  coastal  plains  which  fringe  the  great  land 
areas  of  the  globe.  The  hypsometric  changes  over  the  whole  region 
have  been,  therefore,  of  the  character  of  continental  elevation  and  de- 
pression. 

Geologic  Provinces, — The  present  boundaries  of  the  Mississippi  valley 
form  approximately  the  limits  of  an  area  which  in  Carboniferous  times 
had  a  development  peculiarly  its  own  and  in  a  great  measure  unaffected 
by  events  transpiring  in  neighboring  districts.  The  origin  and  deposi- 
tion of  its  strata,  the  lithologic  characters  of  its  beds,  and  the  succession 
and  evolution  of  its  faunas  were  wholly  independent  of  the  surrounding 
areas.  In  short,  the  Carboniferous  basin  of  the  MissiHsipi)i  valley  repre- 
sents, in  every  sense  of  the  word,  what  in  geology  is  called  a  "  geologic 
province." 

Character  of  Deformations. — The  great  economic  value  of  the  coal-bear- 
ing formation  of  the  Mississippi  province  has  directed  particular  atten- 
tion to  its  geology.  Within  the  limits  of  the  region  it  may  now  be  said 
that  the  Coal  Measures  have  received  more  careful  attention  than  any 
other  of  the  geologic  formations  represented ;  but  at  the  same  time,  for 
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this  very  reason,  the  8trq,tigraphic  importance  of  the  formation  has  been 
greatly  overestimated.  It  has  led  to  the  attachment  of  far  too  much 
significance  to  really  trivial  characters,  which,  though  they  may  be  quite 
conspicuous  in  themselves,  are  of  comparatively  small  value.  Features 
which  in  other  formations  would  be  entirely  overlooked,  in  connection 
with  coal  seams  become  greatly  magnified  on  account  of  their  bearing 
upon  the  expense  of  mining.  Among  these  factors  may  be  mentioned 
the  various  kinds  of  folds  or  flexures,  faults,  slips  and  '*  cut-outs." 

Folds. 

Principal  Features. — Though  composed  of  flat  lying  beds  as  a  rule,  the 
strata  of  the  Continental  interior  nevertheless  present  evidences  of  oro- 
graphic movements,  though  they  may  perhaps  in  most  cases  be  slight. 
Probably  the  most  apparent  expression  of  this  action  is  shown  in  a  series 
of  low  folds  the  general  trend  of  which  is  north  and  south.  The  most 
prominent  of  these  great  corrugations  are  five  in  number. 

In  the  extreme  east  of  the  region  there  are  the  most  westerly  anticlines 
of  the  Appalachian  system  of  mountains  with  its  closely  appressed  folds 
running  south  westward  from  New  England  to  central  Alabama.  Next 
is  a  broad  dome-like  elevation  which  finds  expression  in  the  uplift  of 
central  Tennessee,  the  Cincinnati  arch  and  the  minor  elevations  of  the 
older  rocks  in  northern  Ohio  and  western  Ontario.  The  axis  of  this  fold 
extends  from  lake  Huron  southward,  with  a  little  inclination  to  the 
west.  Midway  between  the  two  great  mountain  chains  of  America  is  a 
third  slight  fold  whose  anticlinal  axis  extends  approximately  along  the 
line  of  the  Mississippi  river.  It  is  shown  in  the  rocks  of  central  Arkan- 
sas, in  the  eastern  part  of  the  Ozark  uplift,  in  the  many  exposures  of 
strata  older  than  the  Carboniferous  in  northeastern  Missouri  and  eastern 
Iowa,  in  the  "  Isle  of  Wisconsin,"  and  in  some  of  the  ancient  crystallines 
of  the  lake  Superior  region.  The  outcrops  of  the  older  Paleozoic  rocks 
along  the  Mississippi  river  cannot  be  regarded  as  due  entirely  to  unaided 
erosion.  Apparently  the  deep  gorges  of  the  great  river  are  due  partly 
to  the  results  of  the  ordinary  action  of  running  water ;  partly  to  the  result 
of  an  accelerated  erosion  on  account  of  the  gradual  elevation  of  the 
principal  line  of  drainage.  There  is  evidence  at  hand  to  show  that  the 
movement,  slight  as  it  may  have  been,  had  already  begun  before  the  close 
of  the  Lower  Carboniferous  in  the  present  upper  Mississippi  valley. 
The  fourth  fold  is  perhai>s  somewhat  imperfectly  defined  at  present,  but 
it  is  indicated  l>y  a  line  of  small  areas  of  very  ancient  rocks  trending 
northwesterly  through  central  Texas  and  Indian  territory,  and  protrud- 
ing through  much  younger  strata.     The  last  is  a  series  of  deformations 
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on  the  extreme  west,  forming  the  easternmost  range  of  the  Rocky  moun- 
tains.    The  trend  of  the  axis  is  southeastward. 

It  is  a  significant  fact  that  the  axes  of  all  five  of  the  great  folds  when 
prolonged  strike  approximately  the  same  point  in  the  Gulf  of  Mexico, 
a  short  distance  from  the  mouth  of  the  Mississippi  river,  a  place  where 
a  maximum  load  of  sediments  from  the  North  American  continent  is 
now  being  deposited;  or,  in  other  words,  the  axes  radiate  from  this 
point. 

Comparatively  simple  in  its  general  geologic  structure,  easy  of  subdi- 
vision into  tolerably  well-defined  minor  groups  according  to  lithologic 
features,  and  abundantly  supplied  with  characteristic  fossils  in  all  its 
bcils,  the  Paleozoic  series  of  the  interior  basin  still  possesses  stratigraphic 
phases  highly  complicated  in  their  nature.  It  is  an  arrangement  of  strata 
such  as  might  occur  along  the  coast  of  any  continental  mass  receiving 
sediments  from  numerous  sources  and  forming  very  distinct  interlocking 
beds,  each  of  which  rapidly  or  gradually  thins  out  in  all  directions  and 
is  replaced  by  others.  It  is  an  arrangement  which  presents  great  diffi- 
culties to  a  natural  geologic  classification  of  the  beds  that  would  be  appli- 
cable to  all  portions  of  the  district,  both  on  account  of  the  vastness  of  the 
province  and  the  multiplicity  of  conditions  under  which  the  depositions 
were  made. 

Minor  Ckyrnigaiwna, — Besides  the  flexures  just  mentioned,  there  are  in 
the  r^ion  many  smaller  folds  and  synclines,  which  have  a  trend  inde- 
pendent of  the  larger  ones.  These  are  usually  grouped  into  series  of 
more  or  less  limited  extent,  the  different  series  being  independent  of 
one  another.  Their  existence  has  long  been  known,  yet  the  extent  and 
amplitude  of  none  have  been  determined  with  accuracy.  In  Iowa  a 
number  of  low  folds  have  been  recognized.  Their  axes  have  a  northwest- 
southeast  direction  in  the  eastern  part  and  northeast-southwest  in  the 
western  portion  of  the  state.  Several  have  also  been  made  out  in  central 
Iowa.  In  the  neighboring  states  similar  small  folds  have  been  noted 
from  time  to  time. 

Faults. 

Alleged  FavUing. — In  the  early  days  of  geologic  exploration  in  the  Mis- 
sissippi valley,  faults,  many  of  considerable  extent,  were  frequently  re- 
ported at  different  places.  In  his  canoe  voyage  up  the  Des  Moines  river 
from  its  mouth  to  the  Lizard  fork,  near  the  present  site  of  Fort  Dodge, 
Owen  recorded  a  number  of  very  marked  instances.  Worthen,  who  made 
the  same  trip  a  decade  later,  also  claimed  to  have  recognized  some  very 
.striking  dislocations  of  the  strata.  Subsequent  investigations  have  not 
<mly  failed  to  substantiate  the  earlier  observations,  but  have  proved  con- 
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clusively  that  most  if  not  all  of  the  "  foults  "  in  question  have  no  exist- 
ence.  A  notable  instance  is  the  "  great  fault "  at  Elk  CliflF,  in  Marion 
county,  which  Owen  *  reported  as  having  a  throw  of  more  than  150  feet. 
Lately  careful  examination  of  the  locality  has  shown  without  the  slightest 
doubt  that  the  abrupt  change  in  lithologic  features  at  this  place  in  the 
short  distance  of  a  few  rods  is  due  largely  to  erosion  during  Carboniferous 
times.  At  Redrock  bluff,  two  miles  above  Elk  Cliff,  the  old  steep-sided 
channels  of  erosion  are  upward  of  100  feet  in  depth.  Faults  of  50  or  lo 
feet  have  been  reported  from  other  places  in  the  Iowa  coal-field,  but  in 
every  case  investigated  no  satis&ctory  evidence  has  been  obtained  to 
substantiate  the  claims. 

Farther  south  in  Missouri,  on  the  Mississippi  river  above  Saint  Louis, 
the  Cap-au-Gres  *'  fault "  has  been  estimated  to  have  a  development  uf 
more  than  four  hundred  feet  Others  of  minor  note  have  also  had  atten- 
tion called  to  them. 

Didocntimxs  in  loxoa, — In  all  the  Iowa  coal-field  less  than  half  a  dozen 
true  faults  are  known  to  be  clearly  defined  in  surface  exposures,  for,  jw 
in  most  cases  of  faulting,  the  exact  line  of  displacement  is  commonly 
more  or  less  completely  obscured  through  the  weathering  of  the  strata  or 
by  extensive  superficial  deposits.  Ordinarily  it  would  be  impossible  to 
recognize  these  faults,  except  as  fortunate  artificial  excavations  reveivl 
them.  The  development  of  the  coal-mining  industry  in  the  state,  how- 
ever, has  been  the  means  of  disclosing  series  of  small  faults  which  would 
otherwise  have  remained  forever  unknown.  Owing  to  the  important  role 
stratigraphic  displacements  play  in  the  economy  of  mining,  slips  of  only 
two  or  three  feet  are  brought  quite  prominently  into  account  The 
large  number  and  proximity  of  these  small  faults  have  been  in  some 
cases  rather  surprising,  and  the  chief  object  of  the  present  paper  is  to  call 
attention  to  some  of  the  dislocations  as  presented  in  the  Iowa  coal-field. 

Normcd  Fatdls, — All  the  faults  observed  are  of  the  normal  kind,  with 
a  hade  varying  from  a  few  to  sixty  or  seventy  degrees  and  a  throw  of 
from  a  few  inches  to  several  feet.  The  ruptures  and  slippings  in  the 
workable  beds  of  the  Iowa  Coal  Measures  rarely  interfere  seriously  witli 
mining  operations  as  they  often  do  in  other  regions,  yet  their  geologic 
import  is  significant  It  has  been  only  through  he  extensive  removal  of 
comi)aratively  thin  beds  that  they  have  been  brought  to  light.  The 
line  of  displacement  as  displayed  in  a  mine  entry  is  usually  as  sharj)ly 
defined  as  if  drawn  with  a  pencil,  though  often  theedges  of  the  two  parts 
are  sonietinuM  broken.  In  most  cases  the  planes  of  sedimentation  for  a 
few  inches  on  each  side  of  the  fault  line  are  bent  more  or  less  sharply 
upward  on  the  down-throw  side  and  downward  on  the  up-throw  side. 

*6eol.  Survey  Wisconsin,  Iowa  and  Minnesota,  Philadelphia,  1862,  p.  117. 
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The  two  surfaces  along  the  line  of  movement  which  have  been  rubbed 
together  are  commonly  very  dense,  hard  and  highly  polished,  form- 
ing what  is  usually  termed  "  slickensides."  The  common  appearance  of 
these  faults  as  they  are  encoun- 
tered in  mining  is  represented  in 
figure  1,  which  is  taken  from  the 
Bloomfield  shaft  near  Des  Moines. 
It  is  typical  of  quite  a  large  num- 
her  occurring  in  this  and  other 
mines.  Sometimes  the  slips  are 
(luite  8raall  (figure  2)  and  die  out 
in  the  coal  vein  itself,  as  shown 
in  the  Thistle  mine  in  Appanoose 
county.  An  especially  interesting 
fault  has  been  observed  in  the 
American   mine  in   Mahaska 

county,  where  the  line  of  movement  has  been  directed  through  a 
narrow  nodular  band  or  elongated  mass  of  clay  ironstone  (figure  3). 
The  line  of  breakage  in  passing  from  the  softer  to  the  harder  layer  is 


Figure  I.- Fault  in  Bloomfield  Shaft, 
Des  Moines,  Iowa. 


FiQUBB  2.— Deformation  in  Roof  of  Thistle  Mine,  Appanoose  County,  Iowa. 

changed  in  direction,  being  bent  toward  the  normal,  while  after  passing 
into  the  coal  seam  again  it  assumes  its  original  direction.  This  phe- 
nomenon is  essentially  the  same  which  has  been  recognized  in  slates 
where  hard  grit  bands  are  intercalated. 

Step  Faults, — Where  the  ordinary  normal  fault  is  repeated  a  number 
of  times  within  a  short  distance  the  step  fault  is  formed.  Exposures  of 
this  kind  are  well  shown  in  the  Davison  mine  in  Jasper  county.  Figure 
4  represents  a  section  through  part  of  one  of  the  entries,  although  the 
entire  series  is  not  here  reproduced.    The  fall  of  the  displacements  is 
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from  six  inches  to  several  feet,  the  iifclinations  being  about  forty  degrees. 
Another  similar  series  occurs  in  the  Deep  Vein  mine  in  Monroe  county. 
In  all  cases  the  faults  are  practically  parallel  to  one  another.  In  some 
places  the  effect  of  the  strain  instead  of  appearing  in  feults  is  relieved 


FiouRB  3.— Fault  in  American  Mine,  Mahaska  County^  lotoa. 

partly  by  small  sharp  folds  without  direct  fractures.  From  an  examina- 
tion of  numbers  of  these  small  faults  and  of  others  of  similar  character 
in  mountainous  regions  it  would  seem  that  the  adjustment  of  tension 
in  the  earth's  crust  here,  as  in  districts  of  greater  deformation,  is  accom- 
plished by  means  of  many  small  slips  rather  than  by  a  few  large  ones. 


Figure  A.—Step  Fault  in  Davison  Mine,  Jasper  County,  Iowa, 

Similar  faulting  has  been  worked  out  in  the  mountain  districts  of  Cali- 
fornia, where  recently  Becker  has  made  some  extended  and  extremely 
interesting  observations  in  this  direction. 

Trough  Faults. — A  special  case  of  the  ordinary  normal  fault  is  when 
two  slips  with  hades  in  opposite  directions  occur  close  together,  allowing 


TROUGH    FAULTS   AND   CLAY   SEAMS. 


239 


a  more  or  less  distinctly  wedge-shaped  portion  to  be  displaced.  These 
are  commonly  called  trough  faults.  One  observed  in  the  Appanoose 
shaft  in  the  southern  part  of  the  state  is  represented  in  figure  5.     Here 


Figure  5.  -  Trough  Fault  in  Appanoose  Shaft,  southern  Iowa. 

the  strain  has  evidently  been  relieved  partly  through  a  major  slip  and 
partly  through  a  minor  one. 

Ctay  Seams. — Simple  fissures  or  ruptures  are  of  not  infrequent  occur- 
rence in  the  Coal  Measures  of  Iowa.  They  are  merely  a  separation  of 
the  different  parts  of  the  vein  without  apparent  displacement.    The 


fissures  are  usually  more  or  less  vertical,  with  often  very  irregular  bor- 
ders, though  sometimes  they  may  be  inclined  at  considerable  angles. 
In  the  majority  of  cases  clay  fills  the  fissures  which  may  be  from  a  few 
inches  to  a  foot  or  more  in  width,  or  sand  may  occupy  all  the  space 

XXXriI— Bull.  Groi.  Soc.  Am..  Vol.  5.  1893. 
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and  form  a  compact  sandstone  wall.    One  of  these  from  the  Thistle  mine 
ih  Appanoose  county  is  shown  in  figure  6. 

Origin  of  the  Faults, — While  many  of  the  displacements  in  the  region 
under  consideration  are  undoubtedly  due  to  the  ordinary  causes  produc- 
ing normal  faulting,  there  are  some  cases  in  the  Coal  Measures,  and 
perhaps  these  form  the  majority  of  the  small  slips,  which  owe  their  origin 
to  the  gradual  compression  of  the  coal  beds  themselves  after  the  original 
vegetable  accumulations  had  been  covered  by  sediments.  The  process 
of  compression  is  probably  in  progress  at  the  present  time,  though  slowly 
and  at  a  greatly  diminished  rate  compared  with  the  former  periods. 

When  a  vegetal  mass  is  subjected  to  conditions  favorable  to  the  forma- 
tion of  mineral  fuel  in  the  way  that  most  of  the  coal  beds  of  the  upper 
Mississippi  valley  were  apparently  formed,  there  is  a  constant  addition 
of  sediments  above,  increasing  the  superincumbent  weight  until  it  fre- 
quently becomes  something  enormous ;  the  temperature  of  the  mass  at 
the  same  time  gradually  rises.  The  heat  and  pressure,  aided  at  times 
by  other  agencies  perhaps,  may  continue  to  be  operative  for  long  periods, 
the  plant  accumulation  in  the  meanwhile  going  successively  through  all 
stages  of  bituminization  to  the  hardest  anthracite  or  even  to  graphite. 
In  the  process,  through  the  loss  of  water  and  various  gases  and  through 
certain  chemical  reactions  of  the  various  component  elements  or  com- 
pounds among  themselves,  the  bulk  of  the  mass  is  very  greatly  reduced, 
the  amount  of  reduction  of  course  depending  upon  the  nature  of  the 
swamp  materials,  the  degree  of  bituminization  and  method  by  which 
the  loss  of  carbon  is  effected.  According  to  the  estimates  of  Maclaren, 
in  one  of  the  Scottish  coal-fields,  it  would  take  nearly  2,000  acres  of 
forest  to  produce  an  acre  of  coal  three  feet  in  thickness.  In  case  of  the 
average  Iowa  coal  bed,  it  has  probably  taken  upward  of  thirty  feet  of 
closely  compacted  material  of  the  original  woody  growth  to  produce  a 
seam  of  coal  having  the  thickness  of  four  and  one-half  feet — ^the  mean 
measurement  of  the  veins  rained  in  the  state.  Ordinary  anthracite  prob- 
ably shrinks  to  less  than  one-tenth  of  its  original  bulk  in  the  course  of 
its  formation,  so  that  a  bed  25  feet  thick  may  represent  between  250  and 
300  feet  of  the  original  mass. 

In  the  diminution  of  bulk  in  a  great  lenticular  deposit  of  vegetation, 
the  change  in  dimensions  is  chiefly  in  a  vertical  direction.  Providing 
the  surface  of  the  marsh  were  originally  nearly  horizontal,  as  probably  wa*? 
usually  the  case,  the  margins  would  remain  stationary,  while  the  center 
of  the  mass,  where  the  contraction  is  naturally  greatest,  would  be  de- 
pressed below  the  level  of  the  borders,  producing,  when  fully  compressed, 
a  shallow,  saucer-shaped  sheet  of  coal.  This  fact  is  also  well  exhibited 
in  the  coal  deposits  of  Iowa,  especially  in  the  case  of  the  smaller  basins ; 
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as,  for  instance,  the  vein  displayed  at  the  top  of  the  Redroek  sandstone 
quarry  in  Marion  county. 

As  an  example  of  what  took  place  during  the  period  when  coal  was 
forming,  a  case  may  be  assumed  somewhat  similar  to  that  just  men- 
tioned. Let  there  be  imagined  a  swamp  one-fourth  to  one-half  a  mile  in 
diameter  and  200  feet  in  depth ;  let  the  swamp  be  filled  to  within  a  few 
feet  of  the  water-level  with  half  decayed  vegetation ;  let  the  region,  after 
this  stage  is  reached,  become  one  of  slow  subsidence,  and  let  it  be  so 
situated  as  to  allow  the  introduction  into  the  swamp  of  currents,  which 
sweep  in  sediments  of  different  kinds;  then  the  conditions  of  the  old  coal 
marshes  are  practically  reproduced.  If  the  superincumbent  sediments 
should  continue  to  accumulate  and  the  peat-like  mass  be  compressed  to 
one-tenth  or  less  of  the  original  bulk  the  process  would  be  almost  iden- 
tical with  that  which  seems  to  have  taken  place  in  connection  with  many 
of  the  coal  beds  of  Iowa.  It  being  possible  for  the  compression  and 
diminution  of  bulk  to  take  place  only  in  one  direction,  that  is,  vertical, 
on  account  of  the  weight  of  the  overlying  beds,  there  results  a  broad 
sheet  of  pressed  vegetal  remains,  thickest  centrally,  and  becoming 
gradually  attenuated  toward  the  margins.  During  the  process  of  com- 
pression the  central  part  of  the  upper  surface,  which,  just  prior  to  the 
influx  of  sediments  when  the  swamp  had  reached  its  greatest  develop- 
ment and  expansion,  was  on  a  level  with  the  margins,  is  little  by  little 
depressed  or  bent  downward  as  the  plant  remains  are  more  and  more 
compacted.  At  the  end  of  the  process  the  upper  surface  of  the  plant 
mass  at  the  center  of  the  basin  will  be  from  175  to  185  feet  below  its 
original  level.  In  the  particular  case  assumed  this  would  be  a  slope  of 
about  1  in  13  in  all  directions  toward  the  center,  or  a  dip  of  5°,  nearly. 
Conceiving  this  area  to  be  covered  to  a  considerable  depth  with  other 
beds,  the  phenomena  becomes  practically  identical  with  what  is  now 
observed  everywhere  in  connection  with  the  coal  beds.  When  the  lower 
an(i  more  extensive  seams  of  the  Coal  Measures  are  constantly  contract- 
ing in  bulk  the  series  higher  up  and  the  associated  strata,  in  responding 
to  the  effects  of  gravity,  become  undulatory  or  give  rise  to  a  series  of 
small  slips.  This  fact  may,  after  more  extended  investigation,  come  to 
have  an  important  economic  bearing  in  the  detection,  of  valuable  coal 
beds  at  lower  levels  than  are  commonly  worked  or  prospected. 

Summary. 

From  the  foregoing  it  would  appear  that — 

In  the  upper  Mississippi  valley  there  exist  faults,  the  number  and  ex- 
tent of  which  has  never  been  fully  realized. 
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In  the  Coal  Measures  of  some  parts  of  the  region  the  slips  are  usually 
of  small  extent,  but  much  more  numerous  than  has  been  generally  sus- 
pected heretofore. 

There  are  also  numerous  dislocations,  but  without  marked  displace- 
ment. 

In  the  case  of  many  of  the  small  faults  the  stresses  may  have  been 
superinduced  by  the  diminution  in  bulk  of  lenticular  coal  beds  at  hori- 
zons somewhat  lower  than  those  in  which  they  occur. 
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Introduction. 


During  the  autumn  of  1893  the  writer  spent  five  weeks  in  field  work  on 
the  Auriferous  slates  of  the  Sierra  Nevada,  chiefly  in  Plumas,  Butte  and 
Calaveras  counties,  California,  in  the  effort  to  find  some  definite  horizons 
that  might  be  identified  by  fossils.  In  this  he  was  greatly  aided  by  Mr 
James  E.  Mills,  under  whose  guidance  he  visited  many  of  the  localities 
mentioned  in  this  paper.  To  Mr  Mills  is  due  in  great  measure  whatever 
success  was  achieved  by  the  investigations. 

XXXIV-BOLL.  Okol.  80c.  Am.,  Vol.  6,  1893.  (243) 
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The  Auriferous  slates  have  long  been  a  puzzle  to  California  geologists, 
and,  on  account  of  the  scientific  as  well  as  economic  interest  attached  to 
them,  much  has  been  written — ^hardly  any  two  writers  agreeing — about 
their  age. 

This  paper  is  intended  to  present  the  facts  known  at  the  present  time. 

Opinions  of  previous  Writers. 

1858.  The  first  geologist  to  write  about  the  age  of  the  Auriferous  slates 
of  the  Sierra  Nevada  was  W.  P.  Blake  *  who  stated  that  a  great  part  of 
the  gold-bearing  formation  would  probably  prove  to  be  Silurian  and 
Devonian. 

1859.  Sir  R.  Murchison  also  thought  that  these  rocks  were  Paleozoic, 
mostly  Silurian.f  The  work  of  Dr  John  B.  Trask  J  in  finding  Carbonif- 
erous fossils  in  the  metamorphic  rocks  of  Shasta  county  seemed  to  con- 
firm these  opinions,  for  the  McCloud  river  rocks  are  almost  in  the  pro- 
longation of  the  strike  of  the  Auriferous  slates  of  the  Sierra  Nevada.  L- 
Simonin  §  claims  to  have  found  trilobites  in  the  slates,  but  does  not  give 
the  locality.  J.  Marcou  ||  says  that  they  were  found  in  Mariposa  county, 
and  were  preserved  in  the  museum  of  the  University  of  Santiago,  Chile 

1864.  The  first  reference  of  the  Auriferous  slates  to  other  than  Paleo- 
zoic age  was  made  by  J.  D.  Whitney,^  who  said  that  they  consisted 
largely  of  Trias  and  Jura.  This  was  based  on  the  finding  of  undoubted 
Triassic  and  Jurassic  fossils  in  Indian  valley,  Plumas  county,  and  of 
rather  uncertain  Jurassic  fossils  on  the  Mariposa  estate,  Mariposa  county. 

1865.  F.  B.  Meek  afterward  published  **  descriptions  and  figures  of  the 
Jurassic  fossils  of  the  Mariposa  slates.  Whitney  ft  refers  to  the  finding 
of  Goniatites  {Celtitesf)  lieiddorsatus^  Gabb  (not  Hauer),  in  Tuolumne 
county  between  Knight's  and  Robinson's  ferries  on  Stanislaus  river,  at  the 
mouth  of  Mormon  creek,  and  in  p]ldorado  county  at  Spanish  Flat.  On 
this  evidence,  together  with  the  finding  of  Upper  Trias  near  TayloreWUe, 
Plumas  county,  he  refers  part  of  the  Auriferous  slates  to  the  Trisu^. 

1870.  W.  M.  GabbJJ  published  the  opinion  that  all  the  Jurassic  deposits 
of  the  Sierra  Nevada  and  their  vicinity  were  probably  of  Liassic  age. 
1 876.  J.  F.  Whiteaves  §§  thinks  that  Aucelki  erringtoni  is  the  equivalent 

•Pacific  Rftilroad  Report,  1858,  Introduction,  p.  iv. 

t  Murcliison  :  "  Siluria,"  third  edition,  1859,  pp.  465  and  475. 

X  Report  on  tlie  Geology  of  the  Coast  Mountains,  1865. 

gComptew  RenduR,  tome  L,  1860,  p.  391. 

I  Bull.  Soc.  Geol.  France,  1883,  p.  409. 

f  Am.  Jour.  Sci.,  September,  1864,  p.  261. 

••Geology  of  California,  vol.  i,  Appendix  B. 

tt  Paleontology  of  California,  vol.  i,  p.  279. 

tJAm.  Jour.  Conch.,  vol.  v,  p.  5. 

§|Gcol  Survoy  of  Canada,  MesoKoio  Fos<{»ilH,  vol.  i,  part  i,  p.  80. 
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of  A.  piochi,  and  that  the  Auriferous  slates  are  possibly  Tithonian,  a 
transition  from  Jura  to  Cretaceous. 

1880.  On  page  39  of  "Auriferous  Gravels  of  the  Sierra  Nevada  of 
California,"  J.  D.  Whitney  outlines  the  Auriferous  slates  as  "  all  the- 
metamorphic  sedimentary  rocks  of  the  Sierras,"  and  says  that  they 
are  of  both  Triassic  and  Jurassic  age,  but  that  none  are  Cretaceous,  for 
rocks  of  that  age  lie  unconformably  on  the  metamorphic  series.  He 
thinks  also  that  it  is  doubtful  whether  there  are  any  Paleozoic  rocks  in 
the  series,  for  there  is  no  proof  that  the  limestones  of  the  Auriferous 
slates  are  a  continuation  of  those  in  Shasta  and  Butte  counties.  Professor 
Whitney  also  gives  a  section  of  the  Auriferous  slates,  in  which  he  divides 
them  into  two  great  divisions :  the  upper  containing  the  Mariposa  slates 
and  diabase-tuff,  and  the  lower  containing  mica-schists  and  limestones* 
which  may  be  equivalent  to  those  at  Pentz  ranch,  Butte  county,  and 
therefore  Carboniferous. 

1883.  J.  Marcou  *  says  the  Mariposa  slates  are  Triassic  in  age,  and 
that  they  belong  to  the  Rhetic,  or  zone  of  Avicida  coniorta;  also  that 
Ammonites  colfaxi  is  of  Triassic  type. 

1884.  J.  F.  Whiteaves  t  says  that  certain  so-called  Jurassic  rocks  (z.  e., 
the  Mariposa  slates)  may  be  Cretaceous  and  not  Jura.  The  same  he 
thinks  is  true  of  the  Jura  of  the  Black  hills,  and  most  of  the  other  so- 
called  Jura  in  the  west. 

1885.  C.  A.  White  t  says  that  Amelia  erringtoni  and  A.  piochi  are 
equivalent,  and  that  part  of  the  Auriferous  slates  are  thus  of  Knoxville 
(Neocoraian)  age.  Another  part  he  thinks  may  be  of  Paleozoic  age.  He 
concludes  that  if  all  the  Aucella-bearing  rocks  are  Neocomian  there  is 
probabjy-no  Jura  in  California,  as  all  the  so-called  Jura  is  probably 
equivalent. 

1886.  J.  S.  Diller  §  says  that  the  auriferous  slates  are  part  Carbonifer- 
ous and  part  Mesozoic. 

1888.  G.  F.  Becker  II  discusses  the  relations  of  the  Mariposa  slates  to 
the  Knoxville,  and  concludes  they  are  identical,  because  of  the  sup- 
posed identity  of  Aucella  erringtoni  and  A,  piochi,  no  other  supposed 
Shasta  species  being  found  in  the  Mariposa  slates.  Doctor  White  ^ 
diiscusses  the  age  of  the  Aucella-bearing  beds  of  the  Coast  range,  classes 
them  with  the  Neocomian,  and  says  that  the  Aucella  beds  of  the  Aurif- 
erous series — ^that  is,  the  Mariposa  slates — are  their  equivalents. 

•  Bull.  Soc.  Geol.  France,  188a,  p.  410. 

fGeol.  Survey  Canada,  Mesozoic  Fossils,  vol.  i,  part  iii,  pp.  260-261. 

J  Bull.  15,  U.  8.  Geol.  Survey^ pp.  24-26. 

i  Bull.  33,  U.  S.  Geol.  Survey,  p.  16. 

I  Monograph  xili,  U.  S.  Geol  Survey,  pp.  198-204. 

%  Monograph  xlii,  U.  S.  Geol.  Survey,  Appendix  to  chapter  v. 
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1891.  G.  F.  Becker*  concludes  that  the  Mariposa  slates  are  Gault. 
H.  W.  Fairbanks  f  says  that  the  evidence  is  in  favor  of  the  Jurassic  age 
of  the  Auriferous  slates  and  the  limestones  associated  with  them. 

1892.  James  E.  Mills  J  gives  about  the  same  stratigraphy  of  the 
Sierra  Nevada  rocks  as  that  given  by  Whitney ,§  and  refers  one  portion 
of  the  series  to  pre-Mesozoic  time ;  another  to  Ijower  Mesozoic,  on  the 
evidence  of  the  occurrence  of  Pentacrinus  and  Aminojiiies  colfaxi,  both  sup- 
posed to  be  indicative  of  Jurassic  age,  and  a  third  portion  he  refers  to 
Upper  Mesozoic  from  supposed  eciuivalence  with  the  Mariposa  slates. 

1893.  G.  F.  Becker  II  divides  the  Auriferous  slates  series  into  the  Cal- 
averas formation  and  the  Mariposa  formation.  The  Calaveras  formation 
is  to  include  all  the  Paleozoic  deposits  of  the  Sierra  Nevada,  except  the 
Silurian,  described  by  J.  S.  Diller,  from  Plumas  county,^  and  afterwards 
named  the  Grizzly  formation.** 

The  Mariposa  formation  makes  up  the  upper  division  of  the  Auriferous 
series.  None  of  the  supposed  Triassic  of  the  Sierra  Nevada  comes  within 
this  sheet,  but  similar  ones  at  the  northern  end  of  those  mountains  have 
been  named  the  Cedar  ff  formation. 

H.  W.  Turner  H  gives  several  localities  for  Carboniferous  and  Mesozoic 
fossils  in  the  Auriferous  slates  series,  but  does  not  give  any  exact  horizon. 

Determined  Horizons  and  well-known  Fossil  Localities. 

In  presenting  the  results  of  the  inveMigations  it  seemed  best  to  the 
writer  to  give  in  tabular  form  all  the  known  localities  for  fossils  in  the 
metamorphic  series,  and  then  to  follow  with  a  discussion  of  those  occur- 
rences about  which  new  information  could  be  added. 

Review  of  recent  Discoveries  and*  Determinations  of  Fossils. 
carboniferous  localities. 

Longville,  Plumas  County. — This  locality,  which  is  near  the  town  of 
Longville,  was  first  mentioned  by  J.  S.  Diller,§§  who  found  there  Litho- 
strotion  whitneyi,  Meek,  Tjophophyllum  proliferum  (?)  and  a  Spirifer  (?).  In 
a  later  paper  ||||  he  refers  to  this  locality  again,  and  quotes  C.  D.Walcott 

*  Bull.  (ieol.  Soc.  Am.,  vol.  2,  pp.  189-'208. 

t  Am.  (rGologiPt,  vol.  vii.  p.  219. 

t  Bull.  Geol.  Soc.  Am.,  vol.  3,  pp.  413-444. 

ij  .Auriferous  Gravels,  pp.  44-49. 

li  Geologioal  Atlas,  U.  S.  Gool.  Survey,  Sacramento  Sheet. 

f  Bull.  Geol.  8oc.  Am.,  vol.  3,  1892.  p.  .376. 

•♦Geological  Atlas,  U.  S.  Geol.  Survey.  Lasaen  Peak  Sheet,  1892,  J.  S.  Diller. 

++ Geological  Atlas,  V.  8.  Geol.  Survey,  Lassen  Peak  Sheet,  1892,  J.  8.  Diller. 

XX  Am.  Geologist,  vol.  xl,  pp.  307-324. 

^,Bull.  33.  U.  S.  Geol.  Survey,  p.  11. 

II  Bull.  Geol.  Soc.  Am.,  vol.  3,  p.  375. 
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on  the  probability  of  this  being  Lower  Carboniferous.  The  writer  visited 
the  place  in  October,  1893,  and  collected  L,  whitneyi,  FmuUna  cylindrical 
Eumetriaj  Spirifer  canieratus  (?),  Aviculopecten  (?),  Conocardium  (?)  and 
many  round  crinoid  stems.  In  diabase-jbuflf  just  above  the  limestone 
was  found  a  Productm,  possibly  P.  sernireticulaUis.  This  fauna  is  proba- 
bly equivalent  to  that  of  the  upper  part  of  the  McCloud  riv^rlimestone, 
which  lies  a  thousand  feet  or  more  above  the  Lower  Carboniferous  sili- 
.ceous  shales  of  Baird,  Shasta  county,  and  thus  would  in  all  probability 
represent  the  lower  part  of  the  Coal  Measures. 

Spanish  Creek  and  Clermont  Peak,  Plumas  County. — A  letter  from  Mr  H. 
W.  Turner,  September  13, 1893,  says  that  Mr  T.  W.  Stanton  has  collected 
Fumdina  cylindrlca  and  other  Carboniferous  forms  from  a  locality  on 
Spanish  creek  one  mile  eapt  of  Spanish  ranch ;  also  corals,  et  cetera,  prob- 
ably Paleozoic,  from  the  limestone  on  Rock  creek,  about  a  mile  and  a 
half  northwest  of  summit  of  Clermont  peak.  The  writer  visited  these 
localities,  and  on  Spanish  creek  found  lAthostrotion  whitneyi^  Favosites, 
Campophyllum  (?)  and  numerous  round  crinoid  stems.  On  Rock  creek 
he  found  a  'Campophyllum  and  crinoid  stems.  There  can  be  no  doubt 
that  both  localities  are  of  Carboniferous  age. 

Bear  Mountain,  Calaveras  County. — H.  W.  Turner*  says  that  the  United 
States  Geological  Survey  has  found  Fusulina  cylindrira,  Zaphrentis,  and 
round  crinoid  stems  in  the  Ihnestone  of  Bear  mountain  and  in  the  con- 
tinuation of  this  belt  northward.  In  November,  1893,  the  writer  found 
also  a  Michelinia  in  the  limestone  of  a  quarry  on  A.  R.  Young's  place, 
five  miles  northeast  of  Valley  springs.  James  E.  Mills  also  collected 
a  Zaphrentis  from  a  quarry  in  township  5  north,  range  11  east,  section  32, 
northeast  quarter  of  southeast  quarter,  on  the  road  between  Campo  Seco 
and  Mokelumne  hill. 

Pentz  Ranch,  Butte  County. — J.  D.  Whitney  f  assigns  these  limestones 
to  the  Carboniferous,  while  James  E.  Mills  X  refers  them  to  the  lower 
Mesozoic,  but  without  any  paleontologic  evidence.  The  writer  failed  to 
find  any  brachiopods,  but  found  a  Favosites  and  Archseocidaris,  and 
numerous  very  large  round  crinoid  stems  which  resemble  Poteriocrinus. 

TR1AS8IC   LOCALITIES, 

Oscar  Tunnel,  Plwmas  County. — J.  S.  Dillerg  includes  this  locality  in 
his  Cedar  formation,  the  equivalent  of  the  Hosselkus  limestone,  Upper 
Trias,  of  the  Genesee  valley.  In  a  letter  of  August  13,  1893,  Mr  Diller 
announces  the  discovery  of  Ammonites,  Pentaainus  and  other  fossils  in 


•  Am.  Geologist,  vol.  xi,  p.  :i09. 

t  Geoi.  of  California,  vot.  i,  p.  210. 

X  Bull.  Geo!.  Soc.  Am.,  vol.  3,  p.  434. 

?Ocol.  Atla»,  U.  8.  Geo!.  Survey,  Lassen  Peak  Sheet. 
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the  Trias  of  this  region.  The  writer  visited  this  locality  in  October,  1893, 
and  found  Pentacrinns,  Encrinus  (?)  Spiriferina  and  AUractUes.  The  evi- 
dence is  therefore  sufficient  to  place  these  rocks  in  the  upper  part  of  the 
Trias,  probably  Karnic. 

Rush  Creek  Mine,  Plwnms  County. — J.  S.  Diller*  includes  this  limestone 
in  his  Cedar  formation,  basing  his  conclusions  on  the  Triassic  fossils  he 
found  there. 

James  E.  Mills  t  published  the  first  notice  of  the  occurrence  of  Pen- 
tacrinus  in  these  beds,  and  called  them  Jurassic  or  later,  upon  the  opin- 
ion of  Dr  Charles  Wachsmuth,  who  thought  that  this  type  of  crinoids 
did  not  antedate  the  Jurassic.  PentacrinuSy  however,  is  well  known  to 
occur  in  the  Trias  in  Europe,  and  has  been  found  in  rocks  of  that  age  in 
three  other  places  in  California,  associated,  as  in  this  case,  with  un- 
doubted Triassic  fossils. 

In  October,  1893,  the  writer  visited  this  locality  in  company  with 
Mr  Mills,  and  found  numerous  characteristic  Upper  Triable  fossifs  of 
the  horizon  of  the  Hosselkus  limestone.  At  the  top  of  the  series  was 
seen  diabase-tuflf  with  pebbles  of  granitoid  rock.  Below  this  were  several 
feet  of  shaly  siliceous  limestone  with  pebbles  of  phthanite  and  granitoid 
rock,  Pentacrinm,  Cldaris,  Spiriferina  and  an  undescribed  species  of  TVop- 
ites,  identical  with  specimens  collected  in  Shasta  county.  Below  the 
Pentacrinus  limestone  are  seen  dark,  very  thin  bedded  shales,  which, 
where  not  too  much  altered,  showed  AUractites  and  Haiobia  mperba  (?), 
Daonella  (?),  and  Avicula,  This  fauna  is  identical  with  that  described 
^  by  A.  Hyatt  J  from  the  Genesee  valley,  and  also  with  that  found  by 

^  H.  W.  Fairbanks  between  Squaw  creik  and  Pit  river,  Shasta  county. 

It  is  of  Karnic  age  of  the  Upper  Trias,  and  the  stratigraphy  agrees  with 
that  of  Plumas  and  Shasta  counties,  where  the  Haiobia  slates  underlie 
the  Hosselkus  limestone. 

Below  the  Haiobia  slates  are  about  1,500  feet  of  siliceous,  dark  shales 
and  tuffs,  very  much  like  the  underlying  shales  of  Shasta  county,  where 
they  are  known  from  fossils  to  be  in  part  of  Triassic  age,  probably  Noric. 
In  the  Rush  creek  region  no  fossils  were  found  in  them.  Next  to  the 
shales  is  a  large  mass  of  serpentine,  but  it  is  not  known  whether  it  k 
conformable  or  not,  or  whether  it  underlies  them. 


<s. 
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Texas  Hanch,  Calaveras  County.— This  locality,  which  is  on  the  ranch 
of  Ciiiiri«a  Grossman  ("  Texas  Charlie  ")i  is  in  the  valley  of  Angels  creek, 

•Oeol.  Atlas,  TJ.  S.  Geol.  SttJsvey,  Lassen  Peak  sheet,  1892,  top  of  third  column  of  descriptive  t^xL 

t  Bull.  GeoJ.  Soc.  Am.,  vol.  3,  p.l!'" 

X  Bull.  Gcol.  Soc.  Am.,  vol.  3,  pp.  :w:>-41_\ 
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5(KJ  yards  north  of  the  Sonora  stage  road.  It  has  been  known  for  several 
years,  but  the  only  published  mention  of  it  was  made  recently  by  H. 
\V.  Turner  *  who  notes  the  occurrence  of  aucelltje  and  ammonites  in  the 
slates.  In  1893  James  E.  Mills  sent  to  the  writer  some  fossils  from 
this  locality,  including  an  Aucella,a  Pecten,  an  ammonite  and  fragments 
of  wood. 

In  November,  1898,  the  writer  visited  the  region  and  noted  that  east 
of  Copperopolis  is  a  large  thickness  of  diabase-tuff,  interbedded  with 
crystalline  limestone,  which  is  best  seen  about  four  miles  east  of  Cop- 
I)oropolis.  The  limestone  strikes  northwest-southeast,  and  shows  traces 
of  fassils,  but  they  could  not  be  determined.  East  of  the  diabase-tuff 
and  limestone  is  a  considerable  thickness  of  serpentine,  and  still  further 
east  is  a  thickness  of  several  hundred  feet  of  finely  laminated  slates, 
interbedded  with  conglomerates  and  some  serpentine.  On  the  stage 
road  to  Sonora  about  six  miles  east  of  Copperopolis  and  on  the  east 
slope  of  Bear  mountain  are  found  a  few  aucella*,  and  in  the  valley,  at 
the  Texas  ranch  locality  previously  described,  the  glates  are  seen  again 
in  places  with  many  fossils — lamellibranchs  and  cephalopods.  The 
fauna  is  a  very  interesting  one  and  characteristic  of  Upper  Jurassic  and 
of  either  Corallian  or  lower  Kimmeridge  age. 

List  of  Fossils, — The  following  is  a  systematic  list  of  the  fossils  found 
here : 

BRACIIIOPODA.. 
Rhynchonella,  sp. 

One  specimen,  not  in  a  condition  to  figure,  seems  to  present  the  char- 
acteristics of  Rhynchonella,  but  is  so  flattened  that  no  certain  deter- 
mination could  be  made.  It  resembles  somewhat  Rhynchonella  myrina, 
Whitfield.  Geology  of  the  Black  Hills  of  Dakota,  p.  347,  pi.  Ill,  figs. 
6,7. 

LAMELLJBRANCHIA  TA. 

Amtisjnnm  (Entolium)  aurnrinm,  Meek.     Geol.  of  California,  vol.  i,  p.  478, 

pi.  I,  fig.  6. 
IJtna,  sp. 

A  small  Lima,  with  heavy,  radiating  ribs,  wns  found,  but  could  not  be 
determined  specifically. 
AuceUa  erringtoni,  Gabb. 
Livfui  erringUmiy  Gabb.     Proc.  California  Acad.  Sci.,  November,  1864,  p. 

173. 
AuceUa  erringtoni,  Gabb,  F.  B.  Meek.     Geol.  of  California,  vol.  i,  p.  479, 

pi.  I,  figs.  1,  2,  3,  5,  7. 

♦  Am.  GeoloKlst,  May.  189:J,  p.  SOS. 
XXXV— RwM..  Grol  Sor.  Am.,  Vol..  5,  1893. 
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AnceUd  concenirica^  Fischer,  Dr  C.  A.  White.     Monograph  XIII,  U.  S. 
Geol.  Survey,  p.  230,  pi.  IV,  figs.  6-10. 

This  species,  whose  affinities  were  first  recognized  by  Meek,  occurs  in 
great  numbers  in  the  slates  at  Texas  ranch  in  all  stages  of  compression 
and  distortion,  so  that  specimens  may  be  obtained  showing  all  the  varia- 
tions figured  by  Meek,  and  many  others  also. 

C.  A.  White*  unites  A.  erringloniy  Gabb,  with  Aucella  piochi,  Gabh,  of 
the  Knoxville  group,  Neocomian,  and  with  A.  pallasi,  Keyserling,  and 
A.  mo8qii€7i8u,  von  Buch  of  the  Upper  Jura  of  Russia,  and  A.  crassicoilh, 
Keyserling  of  the  Lower  Cretaceous,  Neocomian,  of  Russia.  But  it  has 
been  shown  by  Lahusenf  that  the  Russian  species  are  not  all  the  same, 
but  are  well  characterized,  and  are  found  in  very  different  horizons  and 
with  different  faunas,  and  thus  themselves  become  in  a  measure  index- 
fossils.  Lahusent  has  represented  this  in  a  table,  dividing  the  Russian 
Upper  Jura  and  Lower  Cretaceous  into  zones  on  the  basis  of  the  occur- 
rence of  the  various  species  of  Aucella.  Thus  Aucella  paUasi,  Keyserling, 
is  shown  to  be  confined  to  the  Upper  Jura  and  to  range  from  the  ujjper 
Oxford  to  the  lower  Portland;  A,  mosquensu,  von  Buch,  ranges  from 
the  middle  Portland  into  the  lower  portion  of  the  upper  Portland,  while 
A.  crasskoUis^  Keyserling,  is  confined  to  the  Lower  Cretaceous,  Neocomian, 
and  is  very  similar  to  if  not  identical  with  A,  piochi,  Gabb,  of  the  Knox- 
ville. Avcella  concentrlca,  Fischer,  is  not  recognized  by  Laliusen,  because 
Fischer  de  Waldheim  described  under  that  specific  name  several  difTerent 
species  from  different  horizons  ranging  from  Oxford  to  Neocomian.  It 
therefore  becomes  extremely  improbable  that  all  the  American  species 
oi  Aucella  are  identical  with  each  otlier,  since  they  have  been  based  on 
this  hybrid  species.  Meek,  in  his  description  of  A.  erringtoni,  Gabb,§ 
notes  the  similarity  to  A.  pall<isi,  Keyserling,  and  says  they  are  very  pos- 
sibly identical.  Lahusen,  in  his  monograph, ||  also  notes  the  resemblance 
between  left  valves  of  ^.  emngtoni  and  A,  palhm,  and  on  page  33  of  the 
same  work  he  compared  the  right  valves  of  ^.  etTingtoni  and  A.  bronni, 
Rouiller,  the  only  difference  between  them  being  that  on  the  California 
species  the  radial  lines  are  very  distinct  only  on  the  anterior  part  of  the 
shell.  But  in  the  collection  from  Texas  ranch  are  numerous  specimens 
that  have  the  radial  lines  just  as  strong  on  the  i)Osterior  as  on  the  ante- 
rior part  of  the  shell,  and  some  even  stronger.  It  thu{ii)ecomes  probable 
that  A,  errlngtonl,  Gabb,  represents  in  reality  the  two  S])ecies,  A.  paUa^iy , 
Keyserling,  and  A,  hronni^  Rouiller,  which,  because  of  the  state  of  pres- 
'  ervation,  we  are  not  now  able  to  distinguish  from  each  other. 


♦  Monograph  xiii,  U.  8.  Geol.  Survey,  p.  230. 

tM6m.  Com.  G60I.  (Russia),  1888,  vol.  viii,  no.  1,  *'  ITeber  Rusnische  AuceUen." 

X  Op.  cit.,  p.  2«. 

^G«»ol.  of  CulifoniiH,  vol.  i,  p.  4H0. 

;:  Mt'Mii.  Com.  (»<^ol.,  vol.  viii,  no.  I,  p.  '.V\ 
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CEPHALOPODA. 

BeUmaUes  pacificiis,  Gabb.     Proc.  Cal.  Acad.  Sci.,  Nov.,  1864,  p.  173. 

This  Species  has  never  been  figured  from  California,  but  one  from 
Alaska  supposed  to  be  identical  with  it  has  been  described  by  C.  A. 
White*  as  associated  with  Aucella.     In  the  slates  at  Texas  ranch  a  few 
specimens  were  found,  but  too  imperfect  to  be  satisfactorily  identified. 
Cardiocenis  alternans,  von  Buch. 
Ammonites  alternnns,  L.  von  Buch,  Gesammelte  Werke,  vol.  iv,  p.  454, 

pi.  18,  fig.  4. 
Ammwiites  alternans,  Quenstedt.     Ammoniten  des  Schwabischen   Jura, 
p.  824,  pi.  91,  figs.  1-25. 

This  species  is  a  very  variable  one,  and  probably  not  all  the  varie- 
ties united  by  Quenstedt  are  the  same ;  still  this  group  of  Cardioceras 
is  well  marked  and  easily  distinguished  from  that  of  C,  cordaium, 
Sowerby,  and  C,  cordifonne.  Meek  and  Hayden.  This  species  differs 
from  C.  cordifonne,  Meek  and  Hayden,t  in  having  the  sides  less  arched 
and  the  involution  less;  also  on  (7.  cordlforme  the  ribs  are  more  numer- 
ous and  usually  each  alternate  rib  forks  at  the  umbilicus  and  swings 
with  a  gentle  curve  forward,  nowhere  showing  a  tendency  to  produce 
knots.  In  C,  alternmis  the  ribs  fork  with  great  irregularity,  sometimes 
each  alternate  one  and  sometimes  the  third  or  fourth.  They  fork  about 
half  way  to  the  outside  or  ventral  portion  of  the  shell,  forming  usually 
a  small  knot  at  the  fork,  and  often  forming  a  second  one  where  the  ribs 
make  their  sickle-shaped  bend  forward  on  the  external  side. 

The  very  high,  sharp,  strongly  serrated  keel  is  characteristic  of  this 
Hjjecies. 

The  specimens  are  all  distorted  from  the  crushing  of  the  slates,  and 
thus  are  elliptical  instead  of  spiral,  but  they  show  the  same  amount  of 
involution  as  that  given  on  the  figures  of  Quenstedt.  The  umbilicus  is 
much  wider  and  less  deep  than  that  of  C.  cordifonne,  Meek  and  Hayden, 
or  C.  cordatum,  Sowerby. 

The  l)ody  chamber  is  about  one  coil  in  length. 

A  closely  related  specias  has  been  deicribed  by  Pavlow  X  under  the 
name  Cardlocerds  vulgfe,  Pavlow,  of  the  zone  of  Aspidocerris  aainthicamy 
lower  Kimmeridge,  but  that  species  is  much  more  involute  than  the 
ralifornia  specimens,  while  the  fineness  of  the  costae  is  about  the  same. 

Cardioceras  snbtilicostatam,  Pavlow,^^  is  still  more  closely  related  to  our 
species,  but  is  also  more  involute.     It  may  be  identical  with  a  variety  of 

•  Bull.  4,  V.  S.  Geol.  Surv«y,  p.  14,  pi.  vi,  Kkh.  i:i»  14. 

t  PjiI.  Upper  Missouri^  p.  122,  pi.  v,  fig.  2. 

:  .M^m.  Coin.  (Jool.  (RusMia).  vol.  ii,  no.  3,  p.  8fi,  pi,  viil,  fig.  0. 

^Op.  cit.,  p.  8*i. 
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C,  altaiiuiis  described  by  P.  de  IjorioL*  Thus  the  Russian  and  the  Cali- 
fornian  specimens  may  represent  extremes  of  the  same  species.  If  this 
Californian  species  should  not  be  identical  with  C.  cdternans,  I  would 
suggest  the  name  Cardloceras  ichitneyi  for  it. 

Cardioceras  allernans  is  confined  to  the  upper  Oxford  in  Germany,  but 
in  Switzerland  and  in  Russia  ranges  up  into  lower  Kimmeridge — ^that  is, 
into  the  lower  part  of  the  zone  of  Aucella  bronni.  Thus  the  beds  con- 
taining this  fossil  must  be  of  Upper  Jurassic  age  and  between  the  upper 
Oxford  and  the  middle  Kimmeridge.  The  accompanying  Aucella  being 
closely  related  to  both  A.  bronni  and  A.  paUasi  makes  it  probable  that 
they  belong  to  the  higher  part  of  the  series,  that  is,  to  the  lower  Kim- 
meridge. 
Perisphincles  (?). 

One  fragment  in  the  slates  is  entirely  different  from  the  common  Car- 
dioceras^ and  seems  to  have  the  characteristics  of  Perisphinctes,  but  it  is 
very  doubtful. 

The  fauna  of  the  slates  of  Texas  ranch,  Calaveras  county,  is  plainly 
the  same  as  that  of  the  Marij)08a  slates,  and  any  evidence  of  the  age  of 
the  one  a|)plie8  to  the  other  also. 

Mariposa  Slates. 

In  the  first  part  of  this  paper  the  opinions  of  various  writers  have  been 
given  as  to  the  age  of  the  Mariposa  slates,  which,  upon  supposed  pale- 
ontologic  evidence,  have  been  assigned  to  various  periods,  ranging  from 
the  Trias  to  the  Gault ;  but  from  what  has  been  said  of  the  slates  at 
Texas  ranch  it  is  seen  that  the  Aucella  beds  of  Mariposa  are  of  the  age 
originally  assigned  to  them  by  Gabb,t  although  Meek  recognized  their 
position  more  accurately  by  comparing  the  AucellaX  to  a  European  species 
of  known  position. 

There  can  no  longer  be  any  doubt  that  the  Mariposa  beds  belong  to 
the  lower  part  of  the  Upper  Jura,  and  are  thus  probably  the  youngest 
Jurassic  dept)sits  known  in  North  America,  with  the  possible  exception 
of  the  Corallian  described  from  mount  Jura,  Plumas  count}',  by  A. 
Hyatt.  § 

Professor  Hyatt  ||  shows  that  the  Jura  of  the  Black  hills  and  adjoining, 
regions  belongs  to  the  Callovian  or  lower  Oxford,  but  that  in  that  time 


^Abhandl.  SchweiEcr  Palaont.  Gesell.,  vol.  iii,  '*  Monograph ie  Zone  A,  UnoUobatttt  de  Baden/* 
p.  'A),  pi.  i,  figs.  17  and  18. 
t  Troc.  California  Acad.  Sci.,  vol.  iii,  p,  172. 
JGooI.  of  California,  vol.  i,  p.  47!i. 
'i  Bull.  Cieoi.  Soo.  Am.,  vol.  :J,  p.  4(>S. 
I  Op.  fit.,  p.  4(>9, 
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there  was  probably  no  direct  connection  between  the  Californian  Upper 
Jurassic  deposits  and  those  of  the  interior. 

M.  Neumayr*  has  shown  the  possibility  of  some  of  the  so-called  Lower 
Cretaceous  of  British  Columbia  being  Jurassic,  and  if  so,  it  would  be 
very  much  higher,  that  is,  Portland. 

Russian  Aucella-bearing  Rocks. 

Since  the  confusion  as  to  the  age  of  the  Mariposa  slates  originated 
from  a  mistake  as  to  the  age  of  the  Aucella-bearing  beds  of  Russia,  a 
few  words  about  these  strata  may  not  be  out  of  place. 

The  earlier  geologists  united  the  younger  Mesozoic  deposits  of  Russia 
under  the  name  "  Wolga  Stage,"  which  most  of  them  thought  to  be 
Upper  Jurassic,  although  some  of  them, among  whom  Eichwald  was  chief, 
recognizing  Cretaceous  affinities  in  some  of  the  fossils,  declared  the  Wolga 
stage  to  be  Cretaceous. 

Professor  Whiteavesf  has  gone  still  further  and  declared  all  the 
Aucella-bearing  rocks  of  Europe  and  America  to  be  Cretaceous.  This 
view  has  been  emphatically  rejected  by  Neumayr  J  and  Doctor  White  ;§ 
but  there  never  was  any  controversy  as  to  the  Jurassic  age  of  the  zones 
of  Cardioceraa  cordatum  and  of  C  alternans,  which  were  always  recognized 
as  belonging  to  the  Kello  way-Ox  ford  and  Oxford-Kimmeridge  respect- 
ively.    In  these  zones  are  found  several  species  of  Aucella. 

The  later  works  ||  of  Pavlow,  Nikitin,  Lahusen,  Michalski  and  others 
have  shown  that  the  Wolga  stage  is  not  a  unit,  but  may  be  divided  into 
two  distinct  horizons — the  lower  Wolga  stage,  which  corresponds  to  the 
lower  and  middle  Portland,  and  the  upper  Wolga  stage,  which  corre- 
sponds at  the  base  to  upper  Portland,  and  at  the  top  to  Neocomian.  The 
correlation  of  these  deposits  has  been  materially  advanced  by  the  com- 
parinon  of  the  Speeton  clays  of  England  with  the  upper  Wolga  stage  of 
Russia,  by  Pavlow^  and  Lamplugh,  in  which  numerous  species  are  cited 
as  being  characteristic  of  the  same  horizons  in  the  two  countries ;  among 
these  may  be  mentioned  Aucella  pcdlasi,  Keyserling,  which  is  said  by 
Nikitin**  to  be  the  same  as  Avicula  vellicata,  Blake,  of  the  lower  Portland 
or  Bolonian  stage. 

Doctor  White  tt  admits  that  Aucella  may  have  been  a  Jurassic  genus 

•Denk.  K.  Akad.  Wi»».,  Wien,  1885,  p.  9fi. 

tGeol.  Surv.Cftnada,  1884,  Menozoie  Fossiils,  vol.  i,  part  i,  pp.  258-201. 
I  Goo^raph.  Verbreitung  Jura,  p.  9fi. 
i  Am.  Jour.  Sci.,  vol.  xxix,  1885,  p.  228. 

I  For  a  r^um^of  the  literature  of  this  subjeot,  see  A.  Pavlow,  Bull.  Soc.  Imp^r.  Nut.  Moscow, 
188»,  no.  1.  "Juraaaique  Sup6rieur  et  Cr6tac6  Inf6rieur  de  la  Russle  et  de  la  Angloterre." 
V  Bull.  Soc.  Irop^r.  Nat.  Moscow,  1891,  nos.  3  and  4. 
••  Bull.  Soc.  Imp^r.  Nat,  Moscow,  1889.  no.  1,  p.  ;i8. 
tt  Monograph  xiii,  U.  S,  Geol.  Survey,  p.  22ii. 
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in  Russia,  and  thinks  that  the  time  consumed  in  migrating  from  Russia 
to  America  might  explain  its  occurrence  in  Cretaceous  rocks  in  America. 
But  now  it  becomes  just  as  possible  that  they  migrated  the  other  way, 
since  we  have  Aucella  in  California  in  rocks  of  probably  as  great  age  as 
any  in  Russia.  In  fact,  it  becomes  more  probable  when  we  consider  the 
fact  that  in  a  country  so  near  to  Russia  as  England  Aucella  did  not 
appear  until  lower  Portland  time. 

Application  of  Neumayr's  Theory  of  climatic  Zones. 

M.  Neumayr  refers  the  Jura  of  California  *  and  Nevada  to  the  middle 
European  type,  while  admitting  that  there  were  some  Arctic  elements, 
such  as  Aucella,  The  Jura  of  the  Black  Hills  f  he  refers  to  the  boreal 
tyj)e,  on  account  of  the  occurrence  of  Cnrdioceras, 

In  a  later  work  J  Neumayr  says  that  the  California  Jura  shows  a 
commingling  of  boreal  with  temperate  zone  types,  because  the  two 
oceans  joined  in  this  region,  and  that  it  was  separated  from  the  Black 
hills  region  l)y  a  strip  of  land. 

Professor  Hyatt  $^  has  shown  that  the  Upper  Jura  of  Plumas  county  is 
of  central  European  type,  and  that  it  was  separated  from  that  of  the 
Black  hills  distri(;t.  We  have,  then,  in  Calaveras  and  Mariposa  counties 
a  boreal  type  of  Jura  about  160  miles  south  of  a  temperate  zone  type. 
Something  similar  wa«  recently  observed  by  Dr  A.  Tornquist  ||  in  the 
Jura  of  East  Africa,  where  he  found  that  the  distribution  of  Jurassic 
forms  could  not  be  explained  upon  the  supi)osition  of  parallel  climatic 
zones,  but  rather  upon  the  theory  of  separate  provinces,  that  is,  of  more 
or  less  separated  sea-basins  in  which,  individually,  of  course,  climate 
will  show  its  effects. 

The  Jura  of  Mariposa  is  boreal  if  that  of  the  Black  hills  region  is,  for 
it  contains  even  more  Arctic  elements. 

Metamorphic  Rocks  of  the  Coast  Range. 

J.  I).  Whitney^,'  considered  the  metamorphic  series  of  the  Coast  range 
to  ])c  of  Cretaceous  age  from  the  supposed  continuity  of  unaltered  Creta- 
ceous with  the  jaspers. 

Doctor  Becker**  followed  Professor  Whitney  for  the  same  reasons. 


♦  Ueber  Klimatische  Zonen  wAhrend  der  Jura  iind  Kreide  Zeit,  Denkn.  K.  Akad.  Wias.,  WieD,1S83. 
p.  3«H. 

top.  oit..  p.  302. 

♦  "  Dio  OooKraphiH<he  Vorbivitunjc  der  Juraformution,"  Denk.  K.  Akad.  WiHs.,  Wicn,  188&,  p.  l*i4-.'». 
^  Bull.  (ieo\.  So<'.  Am.,  veil.  3,  p.  4H). 

i  Jttlirb,  Hamhurjc.  WisH.  Anst.  X  2,  "  Oxford  fauna  von  Mtaru,"  p.  24. 
^Ofol.  olCiilifornia,  vol.  i,  and  "Auriferous  <»iavoI»." 
♦♦  Monojcraph  XIII,  U,  S.  (fcol.  Survey. 
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It  has  l>een  shown  by  J.  S.  Diller*  and  T.  W.  Stanton  that  there  is  no 
))reak  between  the  Shasta  and  the  C^hico  j^roujis ;  therefore  any  meta- 
niorphism  that  affected  the  Knoxville  ought  to  have  affected  the  Chico 
also ;  but  this  is  nowhere  the  case.  Mr  Diller  has  further  shown  that 
the  uplift  and  metamorphism  was  pre-Cretaceous  in  the  Klamath  moun- 
tains and  in  the  northern  Sierra  Nevada. 

H.  W.  Turner  t  assumes  that  the  m'^tamorphlc  series  of  mount  Diablo 
pass  over  into  the  unaltered  Knoxville,  but  without  any  convincing 
proof,  as  he  afterwards  admits.J 

H.  W.  Fairbanks  §  says  that  he  has  traced  the  phthanites  of  the  , 
Klamath  mountains  into  those  of  the  Coast  range,  and  throughout  l)oth 
these  mountain  chains  has  found  the  Knoxville  beds,  when  present,  resting 
everywhere  unconformably  on  this  metamorphic  core  of  pre-Cretaceous 
roi'ks.  All  these  writers  agreed  that  \f  Au^ella  could  be  found  in  the 
metamorphic  series,  its  Cretaceous  age  would  be  settled. 

But  from  what  has  been  said  as  to  the  age  of  Aucella-bearing  beds  in 
Europe  it  becomes  plain  that  such  is  not  the  case.  In  1892  the  writer 
found  in  the  metamorphic  phthanite  series  of. Alum  Rock  canyon  near 
San  Jos^  several  aucella?  of  the  type  A.  mosquemis^  Buch,  as  figured  by 
lAhusen;!!  also  in  Stevens  creek  canyon,  about  18  miles  west  of  Moun- 
tain View,  Santa  Clara  county,  he  found  in  very  silicious,  black  meta- 
morphic shale  aucellai  that  agree  with  Ancella  truiiffxoides,  Lahusen. 

Now  these  two  specdes  of  Ancella  in  Russia  are  confined  to  the  middle 
and  upper  Portland,  of  the  Upper  Jura.  It  is  therefore  probable  that  at 
least  a  part  of  the  Coast  range  metamorphics  are  of  Upper  Jurassic  age. 

A.  C.  Lawson^  accepts  the  pfe-Cretaceous  age  of  the  Coast  range  meta- 
morphics, but  thinks  the  uplift  was  pre-Jurassic  and  that  the  erosion 
took  place  during  the  Jura. 

From  what  has  been  said  it  is  seen  that  the  uplift  and  metamorphism 
was  of  late  Jurassic  age  in  at  least  a  portion  of  the  Coast  range. 

Conclusions. 

The  Auriferous  slates  are  known  to  consist  of  Silurian,  Carboniferous, 
Triassic  and  Jurassic  strata. 

The  Mariposa  slates  are  of  Upper  Jurassic,  probably  lower  Kimme- 
ridge.  age. 

♦Bull.  Geol.  Soc' Am.,  vol.  4,  pp.  205-224  and  pp.  245-2.W. 

t  Bull.  Geol.  Soc.  Am.,  vol.  2,  p.  394. 

X  Am.  Geologist,  vol.  zi,  1893,  p.  314. 

g  Am.  Geologist,  March.  18?2,  and  February,  1893. 

I  M<^m.  Com.  G^ol.  Rufsie,  vol.  viii,  no.  I,  p.  30,  pi.  n,  figs.  21-24. 

•^  Jonr.  Geology,  vol,  i,  p.  583, '  The  ConHllonm  MeMORoic  Revolution.' 
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Tlie  uplift  and  nietamorphism  of  the  KSierra  Nevada  and  of  the  Coast 
range  occurred  in  late  Jurassic  time,  before  the  deposition  of  the  Creta- 
ceous. 

Neumayr's  theory  of  climatic  zones  cannot  be  applied  with  exactness 
to  the  Jura  of  California,  which  can  be  understood  only  by  the  study  of 
the  geographic  provinces  of  that  time. 

Stanford  University,  California. 
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Introduction. 

In  view  of  the  fact  that  one  or  two  friends  have  spoken  to  me  of  this 
paper  as  propounding  original  theories,  a  word  of  personal  explanation 

•    XXXVI -Bull.  Gbol.  Soc.  Am.,  Vol.  5,  1893.  (259) 
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may  not  be  out  of  place.  I  claim  no  such  originality.  It  is  true  the 
main  outlines  of  this  theory  of  igneous  phenomena  came  into  my  con- 
sciousness as  the  result  apparently  of  my  own  thinking  when,  in  colleore 
days,  I  was  convinced  by  Darwin's  paper  in  Thomson's  and  Tait's 
'^  Natural  Philosophy  "  that  the  earth  must  be  regarded  as  rigid :  but  in 
the  intervening  years  I  found  in  reading  along  the  suggested  lines  that 
almost  every  point  had  been  thought  out  before  me.  Meanwhile  the 
facts  have  been  marshalling  themselves  in  my  mind  around  this  theory, 
and  in  this  connection  I  must  acknowledge  obligation  to  Neumayr's 
"  Erdgeschichte "  and  to  writings  and  conversations  with  numerous 
teachers  and  friends. 

Nearly  five  years  ago  there  was  published  Reyer's  "  Theorische 
Geologic,"  which  occupies  very  much  the  same  position  in  very  many 
points  as  this  paper.  Directly  to  this  book  I  owe  but  little.  In  fact, 
the  argument  of  this  paper  was  written  and  shown  to  Dr  Wadsworth 
many  months  ago  and  before  I  had  seen  the  book,  to  which  I  would 
refer,  however,  as  a  magazine  of  facts  in  support  of  the  ideas  here 
advanced.  He  also  gives  references  to  previous  authors  to  whom  the 
first  though t«  are  really  due. 

I  have  said  little  about  these  ideas  during  these  ten  years,  partly  for 
fear  of  hardening  them  by  controversy  from  a  hypothesis  to  a  theory  in 
my  mind  and  partly  because  I  was  bothered  to  see  how  the  fissures 
which  the  theory  requires  could  penetrate  the  lower  regions  under  the 
hj'drostatic  pressure  and  plasticity  which  there  exist.  The  conception 
that  the  occluded  gases  might  counteract  this  hydrostatic  pressure  is  the 
most  original  point  in  the  paper,  so  far  as  my  reading  has  yet  gone. 
Minor  divergencies  in  the  point  of  view  from  previous  writers  may  also 
be  remarked,  as  might  be  expected  in  largely  independent  work,  and  I 
flatter  myself  that  I  have  marshalled  several  lines  of  facts  in  support  of 
the  theory  whose  bearing  in  that  direction  has  hitherto  escaped  notice. 
The  interwelding  of  Tschermak's  theory  as  to  the  escape  of  occluded 
gases  with  Durocher's  theory,  slightly  modified,  as  to  the  composition 
of  the  earth  seems  to  me  to  add  mutual  strength.  The  parallelism  be- 
tween volcanic  and  blast-furnace  reactions,  already  remarked  by  Bell, 
thus  developed  will  lead  to  a  fruitful  line  of  inquiry.  The  tendency  to 
obliterate  the  line  between  plutonic  and  volcanic  rocks  may  be  checked, 
and  the  harmonizing  of  igneous  phenomena  with  those  which  point  to  a 
solid  earth  will  be  another  stumbling  block  removed. 

In  order  to  reduce  to  a  minimum  the  labor  and  library  required  to 
verify  the  facts  referred  to,  I  have  just  gone  over  the  paper  and  whenever 
possible  changed  the  references  to  the  1893  edition  of  Geikie's  Text-book 
of  Geology,  just  out,  in  which  further  details  and  references  to  the  origi- 
nal papers  may  he  found. 
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Scope  of  the  Paper. 

Si;nop»us  of  Argument. — The  argument  of  this  paper  is  briefly  as  follows  : 

a.  The  earth  in  its  early  state  absorbed  various  gases  which  now  it 
tends  to  give  off,  having  solidified  in  process  of  cooling.  These  gases  are 
an  original  and  essential  factor  in  every  igneous  magma,  and  their  reten- 
tion is  necessary  to  the  crystalline  development  and  texture  of  the 
plutonic  and  dike  rocks,  as  is  their  sudden  loss  to  the  development  of 
volcanic  rocks. 

b.  Whenever  cracks  extend  down  into  the  solid  earth  far  enough  these 
gases  escape  and  are  the  essential  moving  cause  of  volcanic  eruptions  by 
carrying  with  them  the  lava,  just  as  champagne  is  carried  out  of  a  bottle 
by  the  imprisoned  gas. 

c.  The  earth  after  getting  below  the  various  surface  formations  gradu- 
ally increases  in  basicity,  weight  and  heat  toward  a  core  mainly  iron. 

d.  Thus  lavas  first  delivered  from  a  crack  will  be  a  mixture  from 
different  levels  of  the  earth.  Their  chemical  comjmsition  will  vary 
according  to  the  deptli  of  the  crack  and  other  casual  circumstances,  but 
will  be  of  medium  basicity  as  regards  the  material  that  can  be  furnished 
from  the  crack.  Any  already  individualized  minerals  of  pronounced 
acid  or  basic  character,  as,  for  example,  quartz  or  olivine,  will  be  corroded 
by  the  resultant  magma. 

e.  Acid  lavas  would  be  furnished  particularly  by  shallow  cracks.  They 
would  have  a  less  high  temperature  than  the  basic  and  be  in  a  pasty 
condition.  The  deeper  seated  basic  lavas  would  have  a  higher  tempera- 
ture and  hence  take  a  longer  time  to  cool,  and  hence  give  their  vapors 
more  time  to  escape  before  final  consolidation. 

/.  In  plutonic  rocks  these  primal  absorbed  gases,  slowly  given  off  after 
intrusion,  produce  in  the  adjacent  rocks  the  characteristic  contact-zone. 
In  volcanic  rocks  the  gases  escape  from  the  vent,  and  hence  the  contact- 
zone  is  of  different  character,  if  at  all  present. 

g.  These  gases  may  also  be  concentrated  in  the  crystallization  of 
plutonic  masses  (batholites)  into  the  pegmatite  and  other  dikes,  and 
assist  in  giving  them  Iheir  peculiar  character,  and  there  is  a  continuous 
series  from  pegmatites  to  segregation  veins  and  true  fissure  veins  filled 
by  ascent,  so  that  there  is  justification  for  classing  the  pegmatites  with 
either  veins  or  igneous  rocks.  The  gases  in  such  cases  are  doubtless 
condensed  into  a  strongly  mineralized  hot  water. 

h.  If  the  gases  percolate  outward  in  all  directions  with  extreme  slow- 
ness, we  should  expect  them  to  tend  to  produce  a  regular  gradation  in 
composition  from  the  center  outward  and  to  cause  an  exchange  of  ma- 
terial in  alternating  beds  of  different  composition. 
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The  gradual  silicification  of  the  older  rocks  and  the  metamorphism  of 
the  crystalline  schists  may  be  in  part  due  to  this  cause,  being  like  a 
contactrzone  for  the  earth's  interior. 

i.  Their  activity  would  accentuate  the  crumpling  of  the  earth's  surfiace 
by  abstracting  material  below  and  adding  part  of  it  to  the  crust. 

j.  They  would  affect  the  cooling  and  thermal  gradient  of  the  earth, 
and  hence  also  other  estimates  of  its  age  based  thereon. 

Rdfitive  Importance  of  Points  discussed, — As  to  the  points  presented  in 
the  preceding  section  it  should  be  noticed  that  they  are  not  all  of  the 
same  order. 

The  first  three  are  primary,  while  the  others  follow  from  thera.  Yet 
they  describe  effects  which,  though  they  would  naturally  follow  from 
the  state  of  things  outlined  in  the  first  three  propositions,  might  be 
insignificant  in  quantity  or  overruled  by  other  factors  not  taken  into 
consideration.  Indications  of  such  effects  would  tend  to  sustain  the 
whole  body  of  theory,  but  negative  results  would  not  be  at  once  fatal 
to  it. 

In  enlarging  on  the  evidence  for  these  conceptions  I  shall  liot  gener- 
ally go  into  minute  details  which  are  found  in  the  books  referred  to,  but 
rather  point  to  lines  of  facts  familiar  to  the  members  of  this  Society  most 
interested,  because  they  have  worked  upon  them  themselves. 

Absorbed  GasI':s. 

Given  off  rather  than  combined. — That  the  earth  absorbed  gases  needs  no 
elaborate  argument  in  view  of  the  well  known  occlusion  of  various  gases 
by  various  metals,*  of  the  general  tendency  of  liquids  to  absorb  gases 
and  in  view  of  the  fact  that  standard  writers  like  Geikie,t  who  do  not 
attribute  volcanic  activity  exclusively  or  mainly  to  this  source,  acknowl- 
edge the  fact. 

That  these  gases  would  tend  to  be  given  off  in  cooling  and  solidifica- 
tion X  would  also  be  beyond  doubt,  unless  it  were  true  that  they  entered 
into  combination  more  rapidly  yet.  Here  is  one  of  the  two  main  doors 
for  question.  That,  the  tendency  to  combine  does  not  increase  more 
rapidly  than  the  tendency  in  solidifying  to  give  off  gnoses  is  indicated  by 
the  occurrence  of  uncombined  water  in  volcanic  glasses,  by  the  giving 
off  of  steam  and  other  vapors,  by  the  occurrence  of  licjuid  enclosures  in 
plutonic  rocks,  and,  in  general,  by  the  fact  that  rocks  must  solidify  at 
temperatures  at  which  chemical  affinities  begin  to  weaken. 


♦Sec  Table  1.    Also  Damnier's  Hamihuch  der  Anorg.  Chemie,  vol.  i,  1892.  article  •'  Okklusion." 
t  Text-book  of  (Joology,  1893,  pp.  10, 193.  265. 

X  But  as  a  flni<i  t«»nfi8  to  absorb  gas  in  cooling,  relief  of  pressure  is  needed  to  permit  the  es'cap^ 
of  gas  from  a  fluid.    This  is  Reyer's  position,  I  think. 
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At  the  same  time  it  must  be  granted  that  there  are  signs  of  chemical 
combination  going  on  in  lavas.  There  are  minerals  like  apatite  which 
seem  to  have  been  formed  gradually  at  various  stages  in  or  all  through 
the  development  of  the  rock,  from  the  very  earliest  time  to  the  latest. 
Apatite  is  commonly  classed  among  the  earlier  formed  minerals,  and 
rightly,  but  as  it  occurs  in  the  cavities  of  the  lava  Capo  di  Bove  or  in  the 
int^*rstices  of  quartz-diabases  it  might  be  almost  ranked  as  secondary. 
Michel- L6vy  *  also  has  referred  to  the  spinels  and  magnetite  as  formed 
by  chemical  precipitation.  The  precipitating  agent  may  well  be  con- 
(oived  to  be  occluded  oXygen  gradually  exerting  its  affinity  on  basic 
salts  or  metals  or  replacing  fluorides.  These  actions  do  not  seem  to  be 
very  important,  however,  in  view  of  the  reasons  stated  in  the  preceding 
]>aragraph,  more  especially  the  elevated  temperatures  at  which  the 
tendency  to  lose  gas  would  come  into  play. 

It  might  be  supposed,  however,  that  these  gases  had  already  escaped 
and  now  formed  the  air  and  water  surrounding  our  globe.  Professor 
Shaler.f  for  example,  is  one  of  those  who  have  suggested  that  lunar 
volcanoes  were  formed  by  escaping  gases  originally  absorbed,  while  he 
does  not  look  to  the  same  cause  for  our  earthly  ones.  The  only  way, 
however,  one  can  imagine  them  to  have  escaped  is  by  a  solidification 
from  the  center,  which  gradually  drove  them  out ;  X  but  even  if  so,  the 
pressure  must  have  been  enormous  at  the  center,  so  that,  as  shown  in 
Graham's  experiments,  in  which  the  absorbed  gases  were  given  ofi*  only 
after  being  subjected  some  time  to  the  air  pump,  much  gas  must  have 
been  occluded  in  the  solid  mass.  Similarly  the  waters  of  the  depths  of 
the  sea  contain  under  their  great  pressure  more  gas  than  the  surface 
waters;  hence  there  is  no  need  of  imagining  with  Daubr^e  that  the 
water  or  gas  has  percolated  in  from  the  outside.  Doubtless  it  would  do 
so  had  not  the  same  forces  which  would  draw  it  in  now,  kept  it  in  from 
the  beginning. 

Their  Nature, — The  question  naturally  arises :  What  are  these  gases  ? 
We  might  find  suggestions  as  to  their  nature  from  the  atmosphere;  from 
the  gases  given  off  by  the  iron  and  slag  of  a  blast  furnace,  or  from  the 
gases  found  in  meteorites.  Some  analyses  of  such  gases  we  group  in 
Table  1.  More  direct  evidence  we  obtain  from  the  gases  and  fluids  found 
in  the  enclosures,^  in  minerals  of  the  plutonic  rocks,  and  in  the  gases 
actually  observed  to  escape  from  volcanoes  or  found  in  volcanic  glioses. || 
Finally  we  may  obtain  some  hints  from  the  new  minerals  of  contact- 


*  Lee  Roches  Eruptives,  1889,  p.  37. 

+  Aspects  of  the  Earth,  p.  90. 

X  Undeutsch,  Neuea  Jahrbuch,  18U3,  vol.  ii,  p.  3'2l>. 

gGeikio:  Text-book  of  Geology.  1893,  p.  111. 

I  Op.  cli.,  p.  193,  and  Iddiiigs ;  Am.  Jour,  (ieolugy,  vol.  1,  p.  168. 
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zones  and  the  alteration  of  enclosed  fragments  *  These  six  lines  of  evi- 
dence agree  remarkably  well,  and  point  to  compounds  of  hydrogen, 
nitrogen,  oxygen  and  carbon,  probably  variously  associated  according 
to  temperature  and  pressure  as  principals.  Sulphur  (sulphates  of  the 
alkalis,  H,S,  et  cetera)  and  chlorides,  fluorides  and  boric  salts  seem  abo 
to  be  important.  At  lower  temperatures,  instead  of  free  hydrogen  and 
carbonic  oxide,  we  seem  to  have  steam  and  carbonic  acid. 


Table  1,— Analyses  of  occluded  Gases. 


Analyses. 

1. 

2. 

3.     ' 

4.     ' 

5.          6. 

'• 

8. 

9. 

H 

88.8 

10.5 

0.7 

77.0 
22.9 

67.8 

30.8 

2:2 

83.3 

14.2 

2.5 

35.0  j    21.0 
7.0  1    21.0 

50.3        58. 
7.7  1      0. 

85.68 

9.m 

3&98 
25.94 
28.80 
t6.28 

41.44 

N 

CO 

CO, 

13.91 

29.77 

tl4.>iS 

Sum 

UK).0 
(>0 

45 

100 

100.8 

25 
106 

100.0 

:i5 

UK)    1 

100.0  1  100.0 

100.0 

287 
100 

100.0 

100.0 

Ksitio  of  volume  of 
giis  to  that  of  ab- 
sorbent   

2(W 

100 

1.  Gas  from  Bessemer  steel  before  adding  spiegel.    F.  C.  G.  MQIler :  Iron,  toI.  xiii,  1879,  p.  649. 

2      ..      «  «  ««      after         "  "  "  "       "       "      " 

'*  open-hearth  steel,  "  "       "       **      "  *' 

"  cupola  pig-iron,  ."  "       "       "      **  *' 

•*  horseshoe  nails  heated  two  hours  im  vneuo.    Graham :  Proc.  Royal  Soc.,  June  30, 1866. 

"  the  same  after  heating  two  hours  more.  " 

"  meteoric  iron  of  Lenorto,  " 

"  cinder.    Bell :  Manufacture  of  Iron  and  Steel,  p.  173. 


Importance  in  Cnjstalllzatioa  of  phUonlc  Rocks. — Facts  as  to  the  impor- 
tance of  the  part  these  gases  play  in  tlie  development  of  the  plutonic 
rocks  have  accumulated  so  rapidly  lately  that  one  hardly  knows  where 
to  hegin  or  to  stop.  For  one  line  of  facts  look  at  the  mineralsj  such  as 
hornblende,  quartz,  orthoclase  and  mica,  which  have  been  reproduced 
mainly  or  only  with  the  assistance  of  superheated  water  or  a  similar 
medium.  These  minerals,  which  are  the  common  constituents  of  plu- 
tonic^ rocks,  rarely  if  ever  occur  in  volcanic  rocks,  except  under  circum- 
stances that  point  to  their  being  either  earlier  than  the  eruption  or  of 

*  Geikie  :  Text-book  of  Geology,  l«9l,  p.  6(X'i ;  Laoroix :  Neues  Jahrbuch,  1892,  vol.  i,  p.  67. 
fVVith  S(>2,  etc. 

J  For  artificial  miiuTuls  soe  FoiKiui*  aud  Lt'»v.%  "  Syntheso  des  Mineraux,  1882,  and  that  «iei«in- 
ment  in  the  Neues  .hihrbuch. 
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secondary  origin.  Rosenbusch,  in  his  "  Microscopic  Physiography  of 
tlie  Massive  Rocks  "  and  in  his  polemic  with  Michel-Levy,  has  often 
referred  to  the  importance  of  water  as  a  mineralizer. 

Icldings  *  has  brought  forward  very  clearly  the  possibility  of  rocks  of 
very  similar  chemical  composition  having  widely  different  mineral  com- 
position, and  expressly  assigns  mineralizing  agents  as  one  cause  of  the 
difference.     If  I  understand  him  and  Dr  Wadsworth  also  correctly,  they 
seem  to  rank  rate  of  cooling,  so  far  as  primary  textures  are  concerned,  as 
more  important  than  the  mineralizers.     That  rate  of  cooling  is  most  im- 
portant in  determining  the  size  of  grain  we  shall  all  agree,  but  not  so  as 
to  the  replacement  of  minerals  by  others,  except  in  the  case  of  replace- 
ment by  glass.     I  have  been  recently  much  struck,  in  studying  certain 
massive  flows  of  mottled  melaphyre  on  Isle  Royale,  with  the  gradual  in- 
crease in  coarseness  of  the  mottling,  which  is  due  to  the  increase  in  size 
of  the  patches  of  augite  which  enclose  the  felspar  laths  as  we  pass  from 
the  margin ;  but,  besides  these  evidences  of  slower  rate  of  cooling,  we 
find  to  a  large  degree  independently,  in  thin  intrusive  sheets,  or  in  spots 
or  in  streaks,  a  very  different  texture — a  more  distinctly  plutonic  gabbro 
t4»xture.     This  suggests  another  line  of  facts  in  the  textures  in  the  pro- 
duction of  which  minerals  have  been  essential.     The  writings  of  Brogger, 
Rosenbusch,  Irving,  Romberg  f  and  others  on  micropegmatite  and  peg- 
matite, and  of  Cross  and  Iddings,  Rutley  and  others  on  spherulites,  are 
full  of  hints  in  this  direction.     The  miarolitic  and  panidiomorpliic  tex- 
tures are  other  textures  characteristic  of  the  presence  of  mineralizers. 
On  the  other  hand,  the  glassy,  hyalopilitic,  vesicular  and  amygdaloidal 
textures  are  characteristic  of  the  escape  of  mineralizers.     Iddings,  how- 
ever, argues  that  as  these  mineralizers  are  present  in  all  magmas  the  dif- 
ferences in  textures  and  mineral  composition  are  to  be  credited  rather  to 
the  other  geologic  conditions  than  to  them.     But  what  if  the  other  con- 
ditions are  those  which  permit  the  rapid  escape  of  the  mineralizers  or 
retain  them  practically  throughout  crystallization  ?    Would  it  then  be 
an  abuse  of  language  to  say  that  the  mineralizers  were  an  essential  factor 
in  separation  of  volcanic  and  plutonic  rocks  ?    The  diverse  character  of 
the  contact-zones,  which  will  be  discussed  a  little  later,  also  points  to  the 
escape  of  the  mineralizers  as  the  important  distinctive  character  of  vol- 
canic from  plutonic  rocks. 

Deep-seated  Cracking. 

lU  menUil  Conception  difficult, — We  pass  now  to  the  second  suggestion,  to 
my  mind  by  far  the  most  shaky  portion  of  the  fabric.     Can  cracks  ex- 

•An.  Rep.  U.  S.  Oeol.  Survey,  1891,  p.  657;  also  Proe.  Phil.  Soc.  WashinKton,  1890,  p.  213. 
tXeue.s  Jahrhuch,  1892;  Beilage  Band,  vol.  viii,  p.  .306. 
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tend  far  enough  down  into  the  earth 'h  crust  to  strike  a  depth  where  tht-ri 
are  abundant  absorbed  gases,  and  where  there  is  a  strong  tendency  t-^ 
give  them  off,  without  first  striking  a  plastic  or  viscous,  either  soUd  or 
liquid,  zone,  through  which  a  crack  could  no  more  go  than  through  h 
stream  of  honey  or  the  sand  of  an  hour-glass  ? 

There  are  experiments  of  great  importance  by  Kick*  which  seem  t^' 
answer  in  the  negative.  In  seeking  and  finding  wnth  brilliant  suci  t*-- 
definitions  of  brittleness  and  hardness  more  precise  than  usual,  he  foun«i 
that  a  block  of  so  brittle  a  substance  as  salt,  which  has,  however,  b<vn 
lately  shown  to  be  much  more  plastic  than  quartz  or  glass,  enclosed  iii  a 
copper  tube  and  subjected  to  a  strong  hydrostatic  i)res8ure  by  filling  the 
tube  with  oil  and  then  screwing  in  a  stopple,  could  be  pressed  from  8.1 
millimeters  down  to  5.3  millimeters  in  a  hydraulic  press  without  bt'ing 
cracked.     Calcite  behaved  similarly  when  enclosed  in  steam.f 

Now,  practically  all  rocks  will  be  crushed  by  a  pressure  of  2,000  kih'^ 
per  square  centimeter,  a  pressure  reached  at  8,000  meters  or  five  miles 
beneath  the  surface  of  the  earth. 

Below  this,  therefore,  rocks  might  be  expected  to  be  highly  plastir. 
and  even  above  this  they  might  perhaps  be  softened  by  superheateil 
water,  although  if  this  water  were  already  charged  up  to  its  capacity  with 
mineral  matter,  its  weakening  effect  may  not  be  what  some  have  thought. 
At  any  rate,  long  before  we  reach  the  region  of  anything  like  the  heat 
of  many  lavas,  or  have  more  than  barely  come  to  a  depth  where  the 
shrinkage  through  loss  of  heat  tends  to  be  more  than  the  radical  con- 
traction, we  shall  have  reached  a  plastic  zone. 

Direct  Evidence  as  to  its  Occurrence. — This  is  certainly  a  serious  diflSculty. 
yet  I  think  not  fatal,  and  before  trying  to  show  the  possibility  of  crack- 
ing far  down  into  the  earth,  it  is  well  to  remember  that,  whether  we  can 
explain  it  or  not,  there  are  good  reasons  entirely,  independent  of  thi:? 
theory,  to  believe  that  it  does  so  break. 

In  the  first  place,  the  depth  of  origin  of  earthquake  shocks,  which  are 
generally  accepted  to  be  due  to  some  kind  of  a  break  (in  fact,  can  hardly 
be  otherwise),  have  been  estimated  by  noting  the  angle  of  emergence  and 
circle  of  maximum  throw,J  by  estimating  the  index  circle  of  most  rapid 
decrease  in  intensity  of  effect,§  and  by  comparing  the  times  of  arrival  at 
different  points.  ||     By  thc^e  methods  we  find  that  the  source  of  earth- 

•  Dingler's  Polytechnic  Journal,  1889,  p.  448;  abstracted  in  Scientific  American. 

t  It  seems  quite  po.SMihIe  tlmt  the  enclosing  fluid  may  liave  l»een  solidified  by  pressure  in  Kick* 
experiment. 

X  Mallet  discredited.  See  Geikie :  Text-hook  of  GeoloKy,  1893,  pp.  276,  279  ;  and  Schmidt,  Nou^* 
Jalirbuch,  1893,  vol.  i,  p.  .V>,  and  vol.  ii,  p.  44. 

gDutton's  Report  on  CharleHton  Earthqiuike :  IT.  S.  (ieol.  Survey,  1888,  p.  313 ;  Geikie:  Op.  fit-. 
pp.  272  and  279. 

[  V.  Sechuch  :  Dhh  Mittoldeutsclie  Erdhe»>on,  von  0  Marty.  1872,  1873. 
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quaken  lies  in  the  supposably  plastic  zone;  often  in  fact  just  where  we 
mipjht  expect,  below  the  level  of  no  strain ;  that  is,  where  lateral  com- 
]>n»:^son  ceases  and  radial  contraction  and  lateral  tension  due  to  cooling 
become  dominant.  Moreover,  the  common  type  of  fault,  the  so-called 
normal  fault,  cannot  be  explained  by  compre8si6n,  but,  as  McGee*  has 
suggested  and  shown,  may  be  due  to  difference  of  radial  contraction,  in 
which  case,  of  course,  the  crust  cannot  rest  on  a  layer  sufficiently  viscous 
or  plastic  to  be  unable  to  transmit  and  accumulate  stresses  so  produced  ; 
and  really  w^hen  we  look  at  the  throw  of  the  larger  faults,  like  those  of 
the  great  basin,  it  does  seem  natural  that  the  crack  should  have  extended 
C3ven  more  than  five  miles  down.f 

So  also,  I  presume,  by  similar  methods  to  those  applied  to  earthquakes, 
the  roots  of  volcanoes  have  been  assigned  to  a  depth  not  over  thirty 
miles ;  J  and,  finally,  it  may  be  remarked  that  whenever  or  wherever  the 
brecciated  structure  of  obsidians  and  porphyries  was  formed  the  rock 
was  then  and  there  very  capable  of  breaking. 

lid  Possihility  a  priori. — Now,  when  we  come  to  consider  theoretically 
the  material  properties  of  the  earth  as  a  whole,  we  find  that  in  its  astro- 
nomic relations,  that  is,  in  its  precession  and  mutation  and  in  its  resist- 
ance to  tidal  deformation,  it  is  rigid.  Some  geologists  have  been  inclined 
to  reject  the  work  of  the  mathematicians  as  involving  too  many  hy- 
potheses ;  but  it  must  be  remembered  that  a  wide  range  to  the  assump- 
tions has  been  given,  and  that  mathematics  never  deals  with  real  things 
but  yet  has  proved  a  great  help  in  interpreting  them. 

The  rigidity  spoken  of  refers  to  stresses  which  change  in  direction 
every  moment  and  accomplish  a  cycle  every  twenty-four  hours.  They 
therefore  throw  very  little  light  on  its  plasticity  and  viscosity  with  refer- 
ence to  stresses  of  slower  application ;  that  is,  solidity  or  capacity  for 
accumulating  strain.  The  upholding  of  the  great  continental  irregulari- 
ties points  at  least  to  a  high  degree  of  viscosity,  even  though  that  might, 
if  absolutely  necessary,  be  otherwise  explained  through  differences  in 
density,  et  cetera. 

Barus'  experiments  demonstrating  that  diabase  solidifies  under  press- 
ure §  tend  to  show  that  it  is  solid ;  and  all  others  which  imply  an  ac- 
cumulation of  differences  in  radial  contraction  also  suggest  a  solid  earth  ; 
yet  it  may  be  plastic,  for  matter  may  be  said  to  be  perfectly  plastic  if, 
when  flowage  is  started  by  exposure  to  a  strain  greater  than  it  can  stand, 
it  will  continue  to  flow,  if  free  to  do  so  in  the  direction  of  strain,  so  long 
as  the  strain  is  maintained  ever  so  little  above  its  elastic  limit.     At  the 

♦Am.  Jour.  Sci.,  vol.  xxvl,  p.  294. 
t  Geikle  :  Op.  cit.,  1893,  p.  662. 
JGpikle  :  Op.  cit.,  1893,  p.  267. 
^  Am.  Jour.  Soi.,  vol.  46, 1893,  p.  140. 

XXXVII— BiTLi    Gnoi.  Soc.  Am.,  Vol.  6,  1893. 
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same  time  that  elastic  limit  may  be  high.  Now  consider  for  a  moment 
what  happens  when  a  rock  is  crushed.  Its  elastic  limit  is  passed  and  it 
begins  to  flow  as  a  plastic  body.  Then  tensile  strains  are  produced  ami 
the  stresses  which  these  excite  in  consequence  of  its  rigidity  are  smm 
too  much  for  its  ultimate  strength  or  cohesiveness  and  it  flies  in  pie<es. 
If  we  return  to  Kick's  experiment:?,  we  find  that  the  brittle  object  exinri- 
mented  on  is  subjected  under  hydrostatic  pressure  to  the  stresses  excrte<l 
by  the  surrounding  viscous  medium.  Now  it  has  been  proved*  that 
tensile  shears,  united  with  hydrostatic  pressure  greater  than  any  oiw 
of  them,  combine  or  reduce  to  mere  pressure.  The  body  is  therefort* 
under  pressure  pure  and  simple,  so  that  no  cracks  can  be  formed.  It 
would  seem  at  first  sight  as  if  the  substrata  of  the  earth  were  in  the  same 
condition,  for  certainly  the  prassure  would  increase  within  ten  rnilt^  of 
depth  far  beyond  anything  that  Kick  used  or  that  the  rocks  at  the  sur- 
face stand. 

We  must  remember,  however,  that  we  are  dealing  with  hydrostjitic 
pressure,  and  not  the  vertical  pressure  of  rocks,  which  would  ofter  no 
direct  resistance  to  lateral  tension ;  therefore  it  is  merely  the  weight  of  a 
column  of  water  that  we  have  to  consider.  This,  at  a  depth  of  1G,CHh» 
to  21,000  meters,  would  have  a  pressure  ci^ual  to  that  required  to  cru>h 
any  rock.  Above  this  point  cracking  is  therefore  theoretically  possible, 
and  before  we  reach  this  depth  we  should  have  passed  the  critical  iH)int 
of  water  and  be  dealing  not  with  a  liquid,  but  with  a  gas.  The  rocks 
would,  if  we  could  see  them,  be  already  beginning  to  glow  with  a  dull, 
red  heat;  but  as  many  lavas  come  to  us  much  hotter  than  this  we  are 
not  satisfied  with  the  possibility  of  cracks  only  thus  far.  The  prob- 
ability of  deei)er  cracking  depends  on  the  greatness  of  lateral  shears,  and 
whether  intermolecular  absorbed  gaseous  matter  would  convey  the  hy- 
drostatic pressure. 

As  to  the  last  point,  I  think  we  can  see  a  very  material  difference  be- 
tween the  pressure  of  water  from  without,  aiding  cohesiveness,  and  the 
pressure  exerted  by  interpenetrating  gas  anxious  to  escape.  Consider 
two  points  on  each  side  of  a  surface  where  rupture  is  nearly  ready  t<> 
take  place.  It  will  take  place  when  the  cohesive  force  is  not  able  to 
resist  those  tending  to  separate  them.  Now,  the  effect  of  the  absorbed 
gas  is  to  work  against  cohesion.  It  is  precisely  the  opposite  of  hydro- 
static pressure  and  may  be  treated  as  taking  it  up  and  neutralizing  it. 
The  one  tends  to  condense,  the  other  to  expand. 

Its  Prodmiion  by  Stresses. — As  to  the  tensile  stresses  produced  we  have, 
first,  those  due  to  cooling  and  contraction.  As  these  are  generated  slowly, 
if  the  earth  substance  were  a  viscous  fluid  they  woul.d  be  yielded  to  by 

♦  Becker:  Bull.  (4eol.  Hoc  Am.,  vol.  4,  p.  13. 
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viscous  flow  and  would  not  be  allowed  to  accumulate ;  and  even  if  solid 
but  viscous,  they  might  not  accumulate  to  any  great  extent ;  still,  they 
would  be  of  importance  as  producing  a  mild  state  of  tension  and  slow 
flow  upon  which  a  quickly  added  stress  can  more  effectively  act;  but  if 
the  great  continental  elevations  are  due  to  unequal  cooling,  the  cold  sea 
bottoms  cooling  fastest,*  there  must  be  considerable  power  of  accumula- 
tion of  stress. 

The  stress  differences  due  to  mountiiinous  and  continental  elevations, 
which  Darwin  finds  f  are  from  500  to  600  kilos  per  square  centimeter 
above  those  which  granite  can  stand.  Their  steady  application  would 
doubtless  be  productive  of  flow,  but  if  owing  to  the  contraction  just 
sj>oken  of  the  upper  compressed  crust  were  left  for  awhile  partly  self- 
supporting  and  then  broke,  coming  down  with  sudden  stress  on  the  earth 
below,t  there  would  be  a  strong  tendency  for  the  crack  to  extend  down 
farther. 

Finally  we  have  the  tidal  stresses,  of  comparatively  rapid  application. 
The  resistance  of  the  earth  to  them  points  to  its  ability  to  resist,  for 
timers  measured  by  fractions  of  a  day,  very  large  tangential  stresses.§ 

I  think  that  we  may  conclude,  then,  that  the  earth  may  crack  for  an 
indefinite  distance  down,  some  ways  beyond  the  depth  at  which  empty 
caves  would  become  impossible. 

Explanatory  of  volcanic  Phenomena, — If  this  be  granted,  then  the- escape 
of  gas  from  such  cracks  ||  would  admirably  explain  volcanic  action.  The 
enormous  escape  of  gas  at  the  outset,^  the  eruption  beginning  with  ashes, 
which  are  followed  by  lava  later ;  the  known  connection  of  volcanoes 
with  great  fissure  lines ;  their  general  occurrence  on  the  margin  of  con- 
tinents,** where  special  internal  tangential  stresses  must  be  produced,  are 
all  quite  natural.  Such  an  origin  would  also  make  clear  some  things 
hard  to  exf)lain  in  any  other  way,  as,  for  instance,  the  apparent  indiffer- 
ence, spoken  of  by  Dutton,  as  to  whether  a  volcanic  eruption  occurs  on 
valley  or  crest.  So,  too,  on  the  idea  that  the  lava  is  brought  up  by  the 
gas  from  a  solid  earth,  it  is  easy  to  see  why  the  lava  should  stand  at 
different  levels  in  adjacent  vents;  also,  a  change  of  barometric  pressure 
would  naturally  effect  the  outflow  of  gas,  and  hence  influence  the 
activity.tt    Finally,  it  is  easy  to  see  that  in  the  case  of  a  long-continued 

*  Fnye  :  ComptoH  Rendtis,  August  19, 1889. 

tThoraBon  and  Tftit':  Natural  Philosophy,  p.  42fi. 

;  I  do  not  mean  that  there  is  any  oavlty  formed  hetween  them,  but  a  temporary  relief  of  ooni- 
pression  such  aa  i»  indicated  by  the  Jests  density  of  rocks  under  continents.  See  Preston:  Am. 
Jour.  Sci.,  vol.  xzxiy,  1888.  p.  305.     Fayc  :  Comptes  Rendus,  18-J6,  vol.  cli,  pp.  B27, 1222. 

?B*'cker:  Am.  Jour.  Sci.,  vol.  40,  1803,  p.  139. 

'  There  \h  a  little  difference  in  tlie  working;  of  a  Miplion  of  .so  i-\  water  and  champagne. 

Treikie:  Op.  cit..  p.  103. 

♦»Gcikie:  Op.  cit.,  pp.  iCMi,  259. 

ft  Gelkie :  Op.  cit.,  p.  2tt5. 
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eruption,  after  the  first  riwh  of  gas  the  volcano  must  be  fed  by  a  viso)U'' 
flow  of  the  solid  or  litjuid  walls  and  the  eruption  must  be  more  quit-t 
and  attended  with  more  lava.  The  rock  might  be  liquefied*  in  one 
of  several  ways.  Relief  of  pressure  might  liquefy  it ;  hotter  gasea  from 
below  might*  assist;  chemical  combinations,  oxidation,  etcetera,  may 
raise  or  hinder  the  fall  of  the  temperature,  and,  finally,  viscous  motion 
itself,  like  friction,  tends  to  raise  the  temperature  and  increase  liquidity. 
On  the  other  hand,  the  escape  and  expansion  of  the  gas  would  tend  t^j 
lower  the  temperature. 

Igneous  Phenomena  and  Causi-x 

Increasing  Heat  ami  Basicity  toward  Earth^s  Center. — That  the  earth's 
heat  increases  inward  will  be  readily  accepted,  in  view  of  the  fact  that 
everywhere  when  boring  into  it  we  find  the  temperature  rises;!  that 
all  material  from  within  is  hot ;  and,  according  to  astronomic  data,  it  is 
a  globe  cooling  from  a  not  incalculable  pastj 

That  it  j)asses  gradually  from  a  silicious  rind  to  a  core  of  iron  may  not 
be  so  easily  granted,  yet  there  is  much  to  be  said  favoring  it,  and  I  know 
of  nothing  against  it.  Such  would  be  the  natural  arrangement  in  a  cool- 
ing globe  composed  of  such  elements.  The  specific  weight  of  the  earth 
is  greater*than  that  of  the  rocks  at  the  surface,  as  it  should  be,  and  about 
in  the  right  proportion.§  Absorbed  gases,  however,  might  reduce  the 
specific  weight  of  the  center.  Fragments  of  meteorites  from  space  are 
often  largely  iron,  and  also  often  show  a  strong  resemblance  to  the  more 
basic  rocks  of  the  globe.  The  relation  of  the  meteoric  irons  to  the  most 
basic  earthy  rocks  is  also  indicated  by  many  other  things,  as,  for  example, 
the  troilite  of  one  and  pyrrhotite  of  the  other,  and  the  association  of 
nickel.  1 1  Small  miisses  of  pure  iron  have  been  found  in  basic  terrestrial 
rocks.  Iron  is  one  of  the  abundant  and  widely  diffused  elements  of  the 
earth's  crust,  and  the  (quantity  of  it  in  the  igneous  rocks  increases  as?  the 
amount  of  silica  decreases. 

The  fact  that  in  a  general  way  rocks  can  be  arranged  in  a  series  from 
acid  to  basic  is  well  known  and  has  been  given  a  definite  expression  by 
Durocher  and  for  the  Iceland  rocks  by  Bunsen.  If,  then,  we  could  i)rove 
that  the  basic  lavas  are  from  a  deeper  source  than  the  acid,  the  induction 
would  be  very  strong.  That  this  is  the  case  is  indicated  by  tiieir  greater 
weight  and  heat.     1  cannot  find  it  anywhere  stated  on  direct  observa- 

•Home  Ro-oalled  volcrtnie  bombs  may  b«  unliquefied  fragmentA. 

tGrikio  :  Op.  cit.,  p.  49:  Neue«  Jahrbuch,  vol.  2,  1890,  p.  234,  and  vol.  2, 1892,  p.  39. 

jOelkie  :  Op.  cit.,  p.  hS;  WaU-ott:  Am.  Jour.  Geology,  no.  7,  189.1,  p.  KW. 

^Geikie:  Op.  cit.,  p.  48;  de  Lttpparent :  Comptox  Hendus,  February  19,  1889,  p.  3t?s». 

I  Kofmun  ;  Neue»  Jahrbuch,  vol.  i,  1k9'2,  p.  83. 
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tion  that  the  basic  lavas  are  hotter  than  the  acid  *  though  Dutton  talks 
t)f  their  superfusion,  and  though  there  are  numerous  indirect  indications 
that  this  is  the  case.  Therefore  I  would  suggest  direct  measurements  of 
the  temperature  of  acid  lavas  as  a  fruitful  field  for  inquiry.  While  we 
often  hear  of  white-hot  basic  lavas,  I  have  never  heard  of  white-hot  acid 
lavas.  They  are  more  viscid,!  although  this  may  be  due  to  the  different 
chemical  character.  Then  again  I  do  not  know,  nor  have  I  found  records 
of  rhyolites  baking  adjacent  rocks,  as  basalts  sometimes  do.  Acid  rocks 
also  are  said  to  have  less  effect  on  enclosed  fragments  than  basic  ones 
have.J  Then  again  the  fluid  enclosures,  et  cetera,  in  granite  point  to  no 
very  high  temperature.  I  think  that  this  cannot  so  truly  be  said  of  the 
certainly  primary  enclosures  in  basic  eruptives.  It  is,  of  course,  to  be 
remembered  that  it  is  very  unsafe  to  argue  from  the  temperature  at  which 
lava  is  emitted  as  to  its  initial  heat.  Finally,  the  less  oxidation  of  the 
iron  in  the  basic  and  plutonic  rocks,  as  evinced  in  the  prevalence  of 
magnetite  over  hematite,  of  green  colors  over  red,  and  of  hypersthene 
and  olivine  over  biotite,  et  cetera,§  and  directly  in  the  analyses  collected 
by  Iddings,||  is  a  very  strong  argument  for  the  relation  suggested.  In 
other  words,  we  know  that  rocks  grow  heavier  and  hotter  toward  the 
center  of  the  earth,  and  in  rocks  furnished  by  volcanoes  we  find  increas- 
ing weight  associated  with  signs  of  increasing  heat  and  with  increasing 
amount  and  decreasing  oxidation  of  iron.  Continue  this  process  and  we 
must  come  to  a  core  in  which  unoxidized  iron  is  a  prominent  factor. 

Cfiemical  Coviplexlty  of  igneous  Rock  Series. — Suppose  now  that  this 
theory  of  igneous  phenomena  be  accepted,  what  further  deductions  can 
we  draw  from  it,  and  how  far  can  they  be  verified?  In  the  first  place, 
we  see  that  the  material  fed  into  the  volcanic  funnel  will  be  at  first  from 
more  than  one  level.  Thus  the  series  from  acid  to  basic  rocks  will  not 
be  a  simple  one,^[  since  a  magma  of  a  given  silica  percentage  may  be 
produced  either  by  a  mixture  from  a  wide  range  of  depth  or  by  matter 
from  more  nearly  one  depth ;  yet  one  can  see  that  there  would  be  cer- 
ttiin  limits  to  the  variation  thus  produced.  Moreover,  the  cracks  might 
cross,  within  the  region  of  feeding,  the  lines  of  old  intrusions  or  erup- 
tions, and  thus  other  variations  be  produced.  This  mixture  of  rocks 
from  different  levels  might  result  in  heating  due  to  chemical  reactions 
and  would  certainly  tend  to  produce  a  corrosive  effect.     Tliat  the  intra- 

•treikie:  Op.  c it.,  p.  222. 

fCieikie:  Op.  cit.,  p.  247. 

I  Lacroix :  NeaeH  Jahrbuch,  vol.  i,  1892,  p.  67. 

ide  Lapparent:  Compter  Rendus,  February  18, 1889,  p.  .169. 

1  U.  S.  Geol.  Sarvey,  Annual  Report,  1801,  pp.  629-649;  see  uIho  Rannoiue :  Bull.  Department  of 
Geol.  University  of  CaliforniH,  vol.  i,  1893,  p.  KM?. 

tRo9«nbusch:  T.  M.  P.  M.,  vol.  xi,  1890,  p.  144.  See  alhO  Neues  Jfthrl)n«'h  vol.  i,  l«tn,  p.  fil,  and 
vol.  2,  1891,  p.  50. 
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telluric  phenocrysts  are  corroded  is  a  well  known  fact,  and  that  acid 
and  basic  quartz  and  olivine  are  alike  corroded  seems  to  point  to  some 
such  neutralization  of  the  ujagina.  The  presence  of  the  quartz  in  quartz- 
basalt  can  readily  be  explained,  and  thus  sonie  of  the  so-called  basif 
secretions  and  volcanic  bombs  may  be  due  merely  to  imperfect  mixture. 
Richthofen's  law  *  that  lavas  of  medium  basicity  first  api)ear,  would  find 
its  biisis  in  the  obvious  fact  that  the  material  first  delivered  would  be  ot 
a  mixed  character  if  the  crack  were  suddenly  opened.  I  would  not* 
however,  deny  the  cooperation  of  liquation  and  splitting  in  producing 
varieties  of  magmas. 

Source  and  Diminution  of  acid  Eruptives. — The  next  point,  the  shallow 
origin  of  exclusively  acid  eruptions,  has  already  been  discussed  in  con- 
nection with  the  correlation  of  basicity  and  heat ;  but  it  is  significant 
that  we  have  no  olivine-porphyries  corresponding  to  quartz-basalts.  The 
laccolitic  form,  so  common  in  acid  rocks,  may  also  point  to  a  less  degree 
of  energy  than  the  enormous  outbursts  of  basalt.  It  does  not  seem  a^ 
if  there  were  ever,  certainly  not  in  later  times,  so  extensive  overftows  of 
rhyolites  as  of  basalts,  and  this  would  be  a  necessary  consequence  if 
the  acid  is  a  superficial  layer,  with  less  gas  to  give  off  than  the  layers 
below,  and  continually  growing  cooler  and  stiffer. 

The  effect  and  indications  of  higher  temperature  in  basic  rocks  have 
already  been  discussed.  Is  the  frequent  greater  size  of  the  vesicles  in 
basic  lavas  connected  with  relief  from  a  greater  pressure? 

Contact  Zones. 

Intrusive  Rocks. — So  far  we  have  treated  mainly  of  volcanic  discharge 
of  gases.  I^t  us  now  look  at  their  behavior  in  cases  of  intrusion.  If 
there  is  a  crack  or  line  of  weakness  not  leading  to  the  surface,  the  gase» 
will  first  escape  into  it,  and  then,  if  it  is  relatively  cooler,  decrease  in 
pressure,  so  that  the  magma  from  below  will  force  in  after  them ;  but  it 
will  not  be  able  to  fill  the  space  entirely  unless  the  gases  are  able  t(» 
(»scapo  into  the  walls  of  the  cavity.  Thus  there  may  be  a  gradual  settlinjr 
of  the  rock  into  place,  i)roducing  the  "  protochistic,"  **  Mortel  "  and 
similar  textures.t  If  the  lava  be  (juite  viscous  and  the  cavity  a  narrow 
fissure,  it  may  leave  a  vacant  place.  This  summer  I  saw  such  a  place 
neiir  the  head  of  McCargoes  cove  on  Isle  Royale.  In  this  case  a  little 
intruded  dike  was  continued  by  a  vein  of  comby  quartz. 

Ik\side  the  forerunning  gases  we  have  those  of  the  magma  itself  to 
account  for,  which  may  be  done  in  three  ways.  One  way  is  to  supposes 
that  they  too  ]>ass  into  the  wall  rock.     Then  we  have  that  characteristic 

*  Gcikie  :  Op.  cit .  pp.  262,  20;i. 

t  Hn')gger:  Zt'it«.  fur  Kr.  18D0,  p.  U»o.    Adiims:  NtMies  Jahrbuch,  B^ilage  Btuul,  viii,  1893,  p.  4:»9. 
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leature  of  the  i)lutonic  wcks,  the  contact-zone.  This  exphiias  well  why 
tln*y  occur  alike  around  granite  and  gjibbro  *  and  produce  no  marked 
chemical  alteration,  as  Harker  and  Wadsworth  have  observed.  A  little 
ttuorization  may  sometimes  be  noted.  On  the  other  hand,  I  find  no 
record  of  contact  action  of  porphyries.  They  have  neither  the  heat  nor 
the  water.  The  basaltic  rocks  show  almost  purely  the  action  of  heat  at 
their  baked,  indurated  and  semi-fused  contacts,  and  better  than  in  any 
other  way  the  heterogeneity  of  the  rocks  which  have  been  called  diabases 
is  shown  by  the  variety  of  contact-zones  reported.  On  the  strength  of 
these  alone  I  should  expel  some  to  the  melaphy re-basalt  family,  class 
some  with  the  gabbros,  regardless  of  diallagic  cleavage,  and  maintain  the 
name  for  a  distinct  group  occurring  characteristically  in  dikes  and  in- 
trusive sheets. 

Textures  of  Rocks, — These  gases  may  also  remain  in  the  magma  through- 
out crystallization.  In  such  cases  there  will  be  interstices  left,  giving  us 
the  miarolitic  texture,  with  which  the  panidiomorphic  textures  are  closely 
akin.  In  the  last  stages  of  cooling,  when  there  are  but  small  residual 
spaces  left,  they  would  doubtless  be  filled  with  mineralized  water.  The 
<*rystallization  thereafter  belongs  to  what  Brogger  has  called  the  pneu- 
matolytic  stage,  and  microline,  muscovite,  calcite  and  quartz  are  some  of 
the  probable  products.  What  I  have  described  as  the  acid  interstices  in 
quartz-diabases,  which  in  their  intergrowths  of  (juartz  and  felspar  in  as- 
sociation with  hornblende  and  biotite  remind  one  at  once  of  acid  rocks, 
seem  to  have  been  thus  found.  Lawson  has  described  similar  things 
from  the  north  shore  of  Lake  Superior.  lie  moreover  added  the  im- 
portant observation  that  they  increase  and  the  rock  becomes  more  acid 
toward  the  center  of  the  dike.  This  leads  naturally  to  the  third  disposi- 
tion ot  the  gases  that  can  be  thought  of;  that  is,  that  they  n)ay  be  con- 
(»entrated  into  fissures  and  cavities  in  the  rock.  The  case  of  the  coarse 
mottled  melaphyres  of  Isle  Royale,  with  the  streaks  here  and  there  of  a 
more  gabbroid  texture,  shows  the  beginning  of  this  process. 

Any  one  who  has  studied  a  granite  area  in  the  field  must,  I  think, 
have  been  struck  with  the  difficulty  of  separating  segregation  veins  from 
pegmatites  on  the  one  hand,  and  pegmatites  from  the  normal  granite  on 
the  other.f  Very  significant  in  this  connection  is  the  change  in  position 
of  Professor  Rosen])usch,  who  used  to  class  pegmatites  with  veins,  but 
now  places  them  with  igneous  rocks.  Such  an  authority  must  have  had 
good  reasons  both  for  the  position  he  fonnerly  had  and  that  which  he 
now  takes.  The  explanation  is  simple.  The  pegmatites  are  one  form  of 
residual  magmas,  the  segregation  veins  a  farther  step.     Brogger's  work 

*  Bayley  him  described  a  case  of  the  latter  at  Piguou  point.    Am.  Jour.  Sci.,  vol,  xxxix,  1890,  p.  273. 
t«elkie:  Op.  clt.,  p.  70(j. 
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on  the  rocks  of  southern  Norway  containH  a  mass  of  facts  bearing  in  thi? 
direction,  and  his  ]>neuniatolytic  theory  is  direc*tly  in  line  with  our  argu- 
ment. The  relation  of  pegmatites  and  micropegmatite  is  close,  and  I 
believe  both  to  be  formed  from  water-charged  magmas. 

I  have  a  specimen  in  which  a  quartz-felspar  vein  is  backed  by  and 
gradually  passes  into  a  beautifully  developed  graphic  granite.  The 
micropegmatite  or  granophyric  texture  has  in  many  cases  been  shown 
to  be  secondary,  by  Bayley,  Williams,  Irving,  and  Romberg,  and  is  con- 
sidered to  be  always  so  by  Wadswarth.  We  must  either  give  it  up  ai?  a 
primary  texture  entirely  or  class  it  in  the  last  pneumatolytic  stage. 

Formation  of  Veins. — I  do  not  care  to  dwell  on  the  subject  of  veins,  but 
would  merely  call  attention  to  the  fact  that  in  the  recognition  of  the  im- 
portance of  these  exuding  gases  the  theory  of  filling  by  ascent  would 
have  a  powerful  support.  It  has  been  remarked  that  we  have  an  almost 
continuous  series  from  volcanoes  to  hot  springs.  Why  should  we  not 
have  an  almost  continuous  series  of  rocks?  So,  too,  certain  kinds  of 
ores  are  genetically  connected  with  certain  rocks,  as  tin  with  granites, 
and  nickel  and  mercury  (cinnabar;  with  serpentines,  which  is  readily 
accounted  for  by  sui)i>osing.  tlie  veins  to  be  charged  with  the  condensed 
gases  from  them. 

Magmatic  Zones. 

Relation  of  Depth  and  increasing  Pressure  and  Temperature. — We  have 
generally  talked  of  gas,  but  it  is  obvious  that  the  actual  temperature  and 
pressure  may  at  times  make  them  liquid.  It  must  be  remembered,  how- 
ever, that  above  a  certain  temperature  no  amount  of  pressure  will  liquefy 
a  gas,  although  the  gas  may  occupy  no  more  space  than  the  fluid.  Thus 
temperature  is  on  the  whole  the  most  important  factor,  pressure  but 
serving  somewhat  to  neutralize  it.  When  we  come  to  chemical  reaction.'^, 
however,  the  effect  of  pressure  may  be  more  considerable ;  but  this  is  not 
yet  determined.  With  the  rapid  strides  that  theoretical  chemistry  if^ 
making,  in  the  hands  of  Barus  and  others,  we  may  soon  hope  to  know. 
Then  from  studies  of  blast-furnace  reactions  we  may  advance  our  knowl- 
edge of  the  earth's  interior,  for  it  is  obvious,  according  to  the  theory' 
here  outlined,  that  the  likeness  of  volcanic  action  to  that  of  a  bltist  fur- 
nace is  striking.  In  both  we  have  iron  at  the  bottom,  above  a  reducing 
and  basic  zone  and  yet  above  an  oxidized  zone.  Similarly  the  temper- 
ature decreases  going  upward,  and  similar  gases  are  absorbed  or  in  chem- 
ical activity. 

I  have  therefore  prepared  Table  II,  showing  the  increasing  pressure 
and  increasing  temperature,  relative  to  the  depth  from  the  earth's  sur- 
face.    By  the  side  of  the  pressure-  column  I  have  placed  the  crushing 
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strength  of  certain  rocks,  with  the  depth  of  some  eartliquakes  and  otlier 
pressure  data  of  interest.  By  the  side  of  the  temperature  column  I 
have  i)laced  Bell's  diagram  of  blast-furnace  reactions,*  with  various  other 
thermal  data  of  interest. 

From  these  we  may,  to  make  our  conceptions  definite,  guess  some- 
what at  the  zone  whence  the  different  rocks  are  derived.  I  have  avoideti 
any  calculations  in  this  i)aper,  first,  because  I  thought  the  evidence  could 
be  just  as  well  presenttxl  and  be  more  interesting  without  them  ;  sec^ond. 
the  data  are  really  U>o  uncertain  to  give  any  closer  results  than  can  be 
got  from  qualitative  methods ;  and,  third,  if  I  once  got  started  in  calcu- 
lations I  should  need  a  whole  bulletin. 

Probable  Reactions  of  gas-making  ElenieuU. — The  behavior  of  a  few  ele- 
ments first  claims  our  attention.  Oxygen  at  high  temperatures  largely 
or  wholly  dissociated  steadily  combines,  at  first  with  carbon  to  ciirbonie 
oxide  at  about  1200°  centigrade,  then  perhaps  with  iron  and  silicon  t^) 
ferrous  iron,  in  such  compounds  as  olivine,  and  then  also  magnetite, 
forming  some  carbon  dioxide  (COj).  It  would  ))robably  not  attack  the 
free  hydrogen  at  all  until  the  iron  was  all  oxidized.  About  400°  centi- 
grade is  a  i)eculiar  point  where  the  affinities  of  carbon  monoxide  (CO) 
for  another  atom  of  oxygen  and  those  of  iron  or  the  same  element  are 
about  balanced,  and  there  is  a  tendency  for  carbon  monoxide  (CO)  t^) 
divide  into  carbon  and  carbon  dioxide  (CO.^).  Not  far  below  this  if«  the 
critical  temperature  of  water,  and  about  here  any  spare  oxygen  would 
combine  with  any  free  hydrogen.  Ver}'  soon  we  shall  be  altogether  in 
an  oxidized  rock  and  below  the  critical  temperature  of  water,  when  the 
pressure  would  immediately  convert  steam  into  water. 

At  first  the  carbide  of  iron  or  graphite  or  diamond  would  gradually 
oxidize.  Under  certain  circumstances  hydrocarbons  form.  Nitrogen 
would  be  inert  generally,  but  might  form  ammonia  compounds.  Proba- 
y)ly  sulphur  early  combines  with  iron  in  the  troilitc  of  the  meteorites  and 
pyrrhotite  of  the  gabbros,  and  may  turn  to  i)yrite,  but  more  likely  becomes 
H^S  or  oxidized  and  furnish  its  SO,  for  hauy  nite,  the  solfataras,  and  escap- 
ing alkaline  8uli)hates,  so  often  found  in  volcanoes.  It  would  thus  set 
free  much  heat.  Fluorine  is  probably  most  abundant  in  the  acid  zone  as 
silico-fluorides,  and  chlorine  more  abundant  in  the  basic  zone. 

The  top  of  the  acid  zone  will  probably  be  about  where  the  pressure  ii« 
enough  to  crush  any  rock.  There  will  occur  at  this  level  a  sudden  in- 
crease of  pressure  on  the  enclosed  water,  which  very  likely  may  produce 
decided  changes  in  physical  condition.  About  here  also  may  be  the 
level  of  no  strain,  where  lateral  compression  ends — the  starting  place  of 
many   earthquakes.     As  granites  often  contain   enclosures  of  carbon 

♦  Iron  and  SU'e!,  pinto  0  et  passim. 
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dioxide  (CO,),  it  certainly  does  not  come  from  a  temperature  where  that 
gas  could  not  exist.  White  mica  is  also  characteristic,  and  it  is  decom- 
posed at  a  full-red  heat.  Hornblende,  which  is  quite  characteristic 
of  the  medium  rocks,  has  been  formed  at  550°  centigrade  or  a  red  heat ; 
but  at  a  not  much  higher  temperature,  in  the  presence  of  iron,  steam  is 
disso<'iated,  and  hornblende  might  be  burnt  brown.  Here,  then,  may  be 
the  limit  of  the  neutral  magmas. 

Below  this  we  shall  have  the  basic  zone,  containing  not  steam,  but 
free  liydrogen,  and  extending  down  to  a  white  heat.  This  might  require 
a  depth  of  40,000  meters,  say,  twenty-five  miles,  which  is  also  about  the 
limit  of  earthquake  depths.  Somewhere  below  this  depth  there  would 
come  a  limit  to  the  expansive  power  of  gas  to  raise  a  column  of  lava,* 
and  from  below  this  level  there  could  be  no  direct  feeding,  although  of 
course  the  gases  themselves  might  work  out. 

Basis  of  Rock  Classification. — It  is  to  be  understood  that  these  depths 
and  zones  are  put  in  the  table  for  the  purpose  of  clarifying  our  concep- 
tion.s,  and  that  the  theory  is  not  to  be  burdened  with  a  rigid  interpreta- 
tion of  them.  For  example,  we  have  entirely  neglected  pressure  as  in- 
rtuencing  reactions,  yet  since  Iddings  has  noted  that  the  igneous  rocks 
show  little  trace  of  the  effect  of  pressure,  pure  and  simple,  possibly  we 
may  not  be  so  far  from  the  truth.  Ix)ng  ago  it  has  been  remarked  that 
the  three  factors  in  the  crystallization  of  a  rock  are  the  loss  of  pressure, 
temperature  and  of  included  gases,  the  last  two  being  by  far  the  most 
important.  Let  us  employ  symbols,  as  in  the  case  of  the  three  pinacoids 
of  a  crystal,  to  which  shall  be  assigned  the  following  values :  P  =  rate  of 
loss  of  pressure ;  M  (rainera  lisers)  =  rate  of  loss  of  absorbed  gas ; 
r=  rate  of  loss  of  heat.  Then  the  coarseness  of  a  texture  will  increase 
with  the  slowness  of  the  loss,  the  kind  of  texture  with  the  relative  rate 
of  loss,  riess  than  ^W  will  be  characteristic  of  the  glass}''  textures  and 
volcanic  rocks,  rocks  potentially  amygdaloidal,  and  T  greater  than  Moi* 
the  dike  rocks  in  general,  the  pegmatites  and  veins.  The  plutonic  rocks 
will  generally  have  T  equal  or,  rather,  concomitant  with  M,  If  we  use 
the  sign  =  to  indicate  concomitant  variation  and  >  to  indicate  more 
nipid  loss,  we  may  classify  the  rocks  as  follows  : 

Aby.HHal,      3/ =7'=  P.     Crust  of  the  earth,  fundamental  or  batholitic 

gneiss  (?),  allotriomorphic  texture  (?). 
>/*.     Hypidiomorphic  and  cement  textures. 
<^P.     Miarolitic  texture. 
Iiitrutfives,  Af  <  T  =  P.     Veins  filled  by  ascent. 
<R     Panidiomorphic  dikes. 
>•  P,     Pegmatites. 

*  But  it  should  be  remembered  that  the  weight  to  be  lifted  is  of  a  colamn  of  foaming  lava  full  of 
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Volcanics,  My*  T=  P.     That  is,  P and  }f  are  greater,  more  rapid  than 

7'  ordinary  effusives. 
>/^     Some  marginal  forms  of  plutonics. 

The  above  suggestions  show  how  a  classification  of  rocks  on  other  than 
a  chemical  basis  might  be  carried  out.  It  might  be  extended  a  great 
deal  farther.  Thus  the  difference  between  obsidians  and  pitchstones  i5^ 
that  in  one  3/>7',  in  the  other  M <,T.  Personally,  however,  I  should 
prefer  a  classification  based  neither  on  mode  of  occurrence  nor  origin, 
but  on  the  textures,  those  textures  being  chosen,  however,  which  art- 
most  significant. 

Other  possible  Activities  ok  Absorbed  Gases. 

As  the  i)revious  points  have  mainly  engaged  my  thought,  I  should 
prefer  to  stop  here,  but  it  would  be  unfair  not  to  notice  the  fact  that 
escaping  gas  might  have  activities  otlier  than  those  already  notice<i. 
Oozing  up  by  a  slow  exudation,  they  might  be  supposed  to  produce  a 
general  contact- zone  corresponding  to  limited  contact-zones  around  local 
abyssal  masses.  They  might  produce  mutual  interaction  between  alt<T- 
nation  beds  of  different  character,  but  there  are  very  limited  traces  uf 
this  sort  of  action.  So,  too,  the  crystalline  schists  have  often  a  strikinj; 
mineralogic  parallelism  with  contact-zone  rocks.  They  might  help  in 
cliarging  many  mineral  waters  where  we  do  not  suspect  them,  as,  for  ex- 
ample, the  carbonated  waters  of  the  Eifel.  If  they  oozed  up  as  a  coolinji 
water  they  would  be  charged  with  and  deposit  silica,  and  the  silification 
of  sandstones  into  quartzites  without  crushing,  which  Van  Hise*  men- 
tions, may  have  their  help. 

Wadsworth  ascribes  many  minerals  and  textures  usually  considered 
primary  to  the  action  of  percolating  waters  after  consolidation.  If  he  is 
right,  then  these  exuding  waters  probably  play  a  greater  r6le  than  1 
suppose. 

It  is  also  to  be  noted  that,  as  Le  Conte  has  remarked,t  there  wouM 
be  a  continuous  abstracting  of  material  from  below  and  adding  it  to  the 
surface.  In  u  region  much  cut  by  dikes  I  once  estimated  the  area  cov- 
ered by  them  at  six  })er  cent. 

Finally,  we  sec  that  in  all  these  ways  escaping  gases  would  accelerate 
the  How  of  energy  from  the  earth's  interior.  They  might  assist  very 
greatly  in  promoting  unecjual  cooling,  and  hence  unradial  contraction: 
and  by  thus  abstracting  heat  a  few  miles  down  and  adding  it  to  the 
upper  layei*s,  both  directly  and  indirectly  they  might,  by  acceloratinjr 
criLshing,  alter  the  thermal  gradient  appreciably.     It  is  evident  their 
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total  effect  would  be  to  accelerate  cooling  and  to  lower  the  rate  of  in- 
er<;ase  observed  after  a  certain  time  from  what  it  would  otherwise  be,  and 
thus  cause  an  overestimate  of  the  time  of  cooling,  if  it  were  computed 
froTii  a  given  rate  of  increase  noticed  at  the  surface  without  allowing 
for  them. 

Suggested  Lines  of  Inquiry. 

A8  no  theory  is  worth  much  which  does  not  suggest  inquiry,  1  would 
in  conclusion  point  out  some  of  the  promising  lines  of  research  opened 
up. 

The  temperature  and  physical  conditions  of  acid  lavas  are  very  ini- 
}>erfectly  known. 

The  association  of  depth  of  earthquake  shocks  and  character  of  lavas 
in  volcanoes  has  not  been  studied. 

Tliere  has  been  almost  no  study  of  the  enclosures  occurring  in  basic 
plutonics. 

The  contact-zones  of  porphyries  have  not  been  studied  or  their  absence 
stated  with  sufficient  definiteness. 

The  study  of  the  oxidation  of  iron  in  reliably  fresh  rocks  promises 
important  results. 

The  further  chemical  examination  of  gases  occluded  in  meteorites  and 
volcanic  glasses  would  be  instructive  in  connection  with  the  questions 
herein  discussed. 

C0MMEN7K 

The  foregoing  is  the  paper  as  presented  to  the  Society  at  the  Boston 
meeting,  but  as  public  discussion,  by  reason  of  the  crowded  program, 
was  not  possible  on  that  occasion,  I  desire  to  add  a  few  words  chiefly  in 
report  of  private  remarks  made  by  members  who  were  present  at  the 
reading  of  the  paper  and  one  of  whom,  at  least,  had  expressed  a  desire 
to  be  heard  concerning  it. 

Mr  Darton  called  my  attention  to  the  interesting  fact  that  Professor 
William  Libbey,  Junior,  of  Princeton,  N.  J.,  who  made  somewhat  ex- 
tended observations  among  the  extinct  and  active  volcanoes  of  the 
Hawaiian  islands,  had  noticed  gas  lines  in  the  spectra  of  glowing  lavas — 
an  excellent  means  of  determining  not  only  the  presence  of  gases,  but 
their  composition  as  well. 

Professor  Kemp  referred  to  an  earthquake  which  occurred  in  the 
western  United  States  and  which  is  said  to  have  had  its  source  at  a  depth 
of  more  than  fifty  miles.  He  also  called  attention  to  the  abundance  of 
sulphur  beds  in  volcanic  regions  as  indicating  the  importance  of  that 
mineralizer. 
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Messrs  Cross  and  Emmons  confirmed  from  their  wide  experience  the 
lack  of  noteworthy  caustic  phenomena  in  the  contacts  of  rhyolites,  but 
remarked  that  signs  of  caustic  action  are  also  often  absent  in  basaltic 
contacts.  They  would  not  be  expected  to  occur  around  partly  cooled 
basalts. 

Mr  Cross  also  commented  on  the  fact  of  observation  that  similar  miiir- 
mas,  in  the  same  area,  were  in  some  cases  accompanied  ])y,  and  in  othew 
free  from,  mineralizing  agents.  Thus  the  great  laccolitic  masses  of  por- 
phyrite  in  the  West  Elk  mountains,  Colorado,  were  not  accomjiaiiieii 
by  contact  phenomena  indicating  the  presence  of  gaseous  mineralizens. 
while  the  diorite  masses  of  the  adjacent  Elk  mountains  were  surrounded 
by  broad  contact-zones,  in  which  the  development  of  scapolite,  vesuvi- 
anite,  garilet,  pyroxene,  specular  hematite,  and  various  other  minerals 
attested  to  the  presence  of  chlorine,  fluorine,  and  perhaps  other  agent-^ 
in  the  magma  at  eruption. 

Professor  Crosby's  paper,  "  Origin  of  the  Coarsely  Crystalline  Vein 
Granites  on  Pegmatites,"  which  was  also  read  at  this  meeting,  in  part 
overlaps  mine  in  a  confirmatory  way. 
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Review  of  previous  Investigations. 

The  part  of  Pennsylvania  described  in  this  paper  was  allotted  in  the 
recent  state  survey  to  Professor  Frederick  Prime,  junior,  and  in  1874  he 
made  his  first  report  (D),  on  i)age  62  of  which  the  state  geologist  notes 
that  Professor  Prime  "  has  wisely  said  nothing  in  his  report  about  his 
<>})servations  on  supposed  glacial  drift.''  He  further  notes  that  Mr 
("hance  found,  in  the  spring  of  1875,  a  moraine  behind  the  Lehigh  Gap. 
In  Professor  Prime's  second  report,  1)1),  in  1878,  he  devotes  chapter  xxiv 
to  '*  The  Glacial  Epoch,"  and  states  that  his  efforts  to  follow  the  lines  of 
bowlders  was  "  a  hopeless  one  and  had  to  be  abandoned."  He  further 
notes  the  finding  of  vegetable  remains  in  what  must  have  been  sub- 
glacial  till,  and  characterizes  the  filling  of  a  great  range  of  limonitc  mines 
as  V^lrift."    In  his  third  report,  D3,  volume  i,  also  of  1878,  he  seems  to 
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have  further  discussed  the  8ul)je<*t ;  but  the  coninient  of  tlie  stiite  gi'<»li»- 
gist  on  page  37  is  all  that  remains.  He  notes :  "  Professor  Prime  sug.sre^t^ 
in  his  report  a  possibility  that  the  remarkable  evenness  of  the  limestone 
plain  maj^  be  partly  due  to  a  drift  deposit.''  This  suggestion  is  qualitie<I 
hy  the  state  geologist  on  the  next  page  in  the  stat<jment :  •'  The  drift  de- 
posit which  helps  to  give  a  plain-like  aspect  to  the  limestone  belt  is  iint 
unstratified  glacial  moraine  matter,  l)ut  is  a  superficial  bed  of  stnititieil 
sand  and  gravel  distributed  by  and  in  water."  The  finding  of  a  few  flat 
l)ieces  of  syenite  is  j)roof  to  him  that  the  deposit^^  are  local,  and  he  dis- 
misses the  subject  with  the  statement  that  the  Bethlehem  gravels  are 
either  a  "high-fiood  river  dei)Osit,  or  else  ancient  high-level  river-diannel 
deposit;"  attributes  the  latter  to  an  old  bed  of  the  Lehigh  which  has  cut 
a  new  channel  through  solid  rock  for  80  feet,  and  brushes  aside  Professor 
Prime's  theory  with  the  remark  that  the  flatness  of  the  limestone  is  in>( 
due  to  any  kind  of  a  supj)osed  covering  of  local  drift. 

In  1882  Professor  I.  C.  White  discusses  the  "  moraine  "  found  by  Mr 
(yhance  at  Lehigh  Gap  ((?  6)  as  follows  :  ''  The  ice  undoubtedly  passtMl 
as  far  west  as  the  Lehigh  river,  because  there  we  find  the  old  channel  of 
Aquancliicola  creek  choked  up  with  drift,  and  the  stream  compelled  to 
cut  a  new  one  around  it  to  the  south  through  the  solid  strata,  hef^^re 
entering  the  Lehigh." 

Of  the  recent  findings  in  the  region  note  will  be  made  only  of  tli*^ 
location  of  a  "  pebbly  terrace  "  at  Tiehighton,  l)y  Professor  G.  F.  Wright."^ 
75  feet  above  the  river. 

Area  Studied. 
topographic  fea  tures. 

The  accompanying  map,  plate  9,  shows  the  region  examined  during 
the  past  year  of  1893.t  Only  that  part  south  of  the  Blue  ridge  was 
studied  with  any  attempt  at  thorou;rhness,  owing  to  the  limited  time  at 
my  disposal.  It  is  i>roposed  to  finish  this  portion  during  the  coming 
year  and  to  extend  the  work  beyond  the  Ridge.  Elevations  are  base<l  on 
mean  tide,  and  the  points  noted  are  indicated  on  the  map  by  minute 
circles.  The  terminal  moraine  of  Messrs  Lewis  and  Wright  is  shown  by 
double  lines  of  open  circles ;  the  limits  of  ihe  furthest  ice  invasion  by 
the  larger  black  dots,  and  the  southern  limit  of  the  larger  bowlders  by 
tlie  smaller  ones.  Interrogation  points  are  i)laced  where  doubt  exists 
as  to  the  position  of  the  two  latter  lines.     The  dotted  line  from  Naza- 

•  Proc  Aoftd.  Nat.  Sci.,  Philadelphia,  189*2,  p.  476. 

t  My  assistant  waa  Mr  Joseph  Barrell,  and  I  desire  to  make  suitable  aoknowledfcmentof  the  vuhi- 
ahle  work  done  by  him. 
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reth  westward  along  the  slate  belt  to  the  Lehigh,  with  divergence  north 
to  Mauch  Chunk  and  return,  and  an  extension  to  a  point  north  of  Topton, 
and  a  return  to  Easton  along  the  southern  border  of  the  limestone  and 
around  the  Saucon  valley,  marks  the  oOO-foot  contour,  and  includes  the 
lake  formed  by  the  damming  of  the  waters  of  the  Lehigh  by  the  glacier. 
The  legend  on  the  map  describes  the  various  forms  of  cross-section  of 
the  deposits,  but  it  must  be  noted  that  the  broad  slate  belt  is  left  clear  to 
avoid  confusion. 

The  height  of  the  crest  of  the  Blue  ridge  will  average  1 ,500  feet,  and 
the  next  ridge  to  the  north  reaches  800  feet,  and  is  formed  by  the  vertical 
outcrop  of  the  Oriskany.  Between  the  two  the  Aquanchicola  flows  west- 
ward to  meet  the  Lehigh  at  the  gap.  The  Ridge  falls  abruptly  over  the 
ba.sset  edges  of  the  Oneida  and  Medina  sandstones  and  conglomerates 
to  the  Hudson  river  slates  at  an  average  elevation  of  750  feet.  This 
slate  belt  is  from  seven  to  ten  miles  wide,  and  consists  of  a  broken  and 
hilly  region,  whose  southern  edge,  where  it  meets  the  limestone  plain,  is 
at  500  feet.  This  plain  is  eight  miles  wide  east  of  Trexlertown,  and 
nearly  four  west  of  that  place.  East  of  Topton  the  northern  edge  of  the 
limestone  is  20  feet  higher  than  the  southern  side,  while  west  of  that  place 
the  northern  edge  will  average  80  feet  lower  than  the  opposite  side.  The 
Archean  highlands  are  variously  called  the  South  mountains  and  the 
Durham  and  Reading  hills.  They  are  divided  into  two  parts  by  the 
Saucon  valley ;  that  to  the  east  is  twelve  miles  long,  and  has  but  one  eleva- 
tion (the  Hexenkopf )  above  1,000  feet,  while  that  to  the  west  stretches 
to  the  Schuylkill  at  an  average  elevation  of  800  feet,  with  forty  peaks 
rising  above  1,000  feet,  and  eleven  above  1,100  feet.  It  has  an  average 
width  of  six  miles,  and  is  bordered,  except  on  the  extreme  eastern  end, 
by  Cambrian  quartzite,  and  generally  capped  by  it  in  patches  to  the  west. 

RIVER  SYSTEMS  OF  THE  REGION. 

Between  the  Blue  ridge  and  Riegelsville  the  Delaware  falls  from  298 
ii\*t  to  124,  while  between  the  Ridge  and  Reading  the  Schuylkill  descends 
from  402  feet  U)  195.  The  Lehigh  enters  the  region  shown  by  the  map 
at  Mauch  Chunk,  with  an  elevation  of  504  feet,  and  flows  thence  to  Allen- 
town  slightly  north  of  a  line  bearing  South  40°  East  between  those  places, 
and,  in  29  miles,  falls  to  235  feet,  or  9  feet  per  mile.  At  Allentown 
South  mountain  turns  it  sharply  to  north  70°  east,  and  in  that  direction 
it  flows  to  the  Delaware  at  Easton  at  160  feet,  by  a  fall  of  4.2  feet  per  mile, 
though  the  greater  part  of  tlie  distance  has  a  fall  of  but  3  feet  per  mile, 
and  it'is  only  as  it  nears  the  Delaware  that  the  slope  of  the  bed  becomes 
groat.  This  must  be  remembered  in  connection  with  the  discussion  of 
postglacial  erosion  presented  later. 
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South  of  the  Ridge  the  Bushkill  and  the  streams  between  it  and  the 
Delaware  flow  into  the  latter  river,  as  do  those  in  the  Durham  valley  and 
in  the  small  valley  just  north  of  it.  In  the  great  valley  a  divide  from 
Topton  to  Germansville  separates  the  waters  of  the  Lehigh  from  those  of 
the  Schuylkill.  The  main  affluents  of  the  Lehigh  are  the  Manokisy  and 
Hokendauqua  from  the  north,  the  Jordan  and  Little  Lehigh  from  the 
west,  and  the  Saucon  from  the  south.  Those  of  the  S.chuylkill  are  Maiden 
and  Sacony  creeks.  The  Durham  and  Saucon  valleys  are  separated  at 
Leithsville  by  a  narrow  divide  in  quartzites  at  445  feet,  and  with  slojjes 
of  71  feet  per  mile  eastward,  and  114  feet  per  mile  westward.  Between 
the  Saucon  and  the  small  valley  north  of  the  Durham  there  is  a  narrow 
divide  in  gneiss  at  Stouts,  at  605  feet,  with  a  sharp  slope  of  225  feet  p<T 
mile  on  either  side.  There  are  other  and  higher  divides  that  do  not 
enter  into  the  discussion  of  the  Saucon  valley. 

In  the  main  valley  the  Lehigh-Schuylkill  divide  has  been  noted  at 
Topton.  It  is  in  limestone  at  495  to  510  feet  and  does  not  vary  10  feet 
in  two  miles  along  its  crest.  The  surface  of  the  valley  from  the  divide 
to  Allentown  varies  little  from  a  slope  of  20  feet  per  mile  for  14  railed, 
while  to  the  west  it  falls  40  feet  per  mile  for  8  miles  to  Sacony  creek ; 
thence  to  Kutztown  it  rises  119  feet  })er  mile  for  three-fourths  of  a  mile, 
and  falls  to  the  small  creek  to  the  west  71  feet  per  mile.  Fi*om  this  place 
to  Moselem  Springs  the  rise  Ls  identical  in  grade  and  length  with  that 
from  the  Sacony  to  Kutztown ;  and  from  the  S[)rings  to  the  Schuylkill  is 
a  fall  of  25  feet  i)er  mile  for  7  miles.  The  Sacony  and  the  small  creek 
to  the  west  both  flow  north  to  Maiden  creek.  Attention  is  called  to  the 
peculiar  direction  of  this  flow,  as  well  as  to  the  fact  before  noted,  that 
the  northern  edge  of  the  valley  is  80  feet  lower  than  the  southern  one. 
The  Topton  divide  is  therefore  the  only  one  of  the  three  that  is  higher  at 
the  northern  end.  It  is  also  worthy  of  notice  that  the  streams  east  of* 
the  Topton  divide  flow  south  through  the  slate  belt  and  east  and  west 
when  they  reach  the  limestone,  while  west  of  that  divide  the  directions 
are  reversed. 

As  all  of  the  divides  noted  have  been  covered  with  drift,  their  eleva- 
tions above  tide  at  the  close  of  glaciation  may  be  relatively  detennined  by 
the  slope  of  their  sides  and  the  width  of  the  valleys  in  which  tliey  occur. 
As  those  at  Stouts  and  Leithsville  arc  in  narrow  valleys  with  high  and 
steep  sides  and  their  own  sides  slope  71  to  225  feet  per  mile,  the  rainfall 
from  the  extensive  highlands  would  be  concentrated  on  a  small  area,  so 
that  they  must  have  been  denuded  much  more  than  the  wide  divide  at 
Topton.  with  its  level  and  broad  valley,  wliere  all  the  water  that  fell  to 
the  northward  was  diverted  immediately  westward,  and  only  that  from 
the  southern  'highlands  performed  erosive  work.     When  we   consider 
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oertiiin  peculiarities  in  the  distribution  of  the  clay  cap,  we  will  conclude 
that  the  Topton  divide  must  have  been  the  lowest  of  the  three  at  the 
close  of  glaciation. 

ROCKS  OF  THE  REGIOy. 

As  these  have  been  fully  described  in  the  state  surveys,  only  a  com- 
parison of  similar  features  of  different  formations  will  bt-  attempted. 
The  Archean  rock  is  a  granulite*  varying  to  gneiss,  generally  syenitic. 
The  quartzite  is  placed  in  the  Potsdam  by  the  state  survey,  and  varies  to 
a  gritty  sandstone  eastward  from  Reading  and  is  a  red  shale  locally  at 
South  Bethlehem.     Its  lower  part  is   dense  arkose,  and  the  localities 
wfiere  the  measures  are  flexed  are  noted  for  breccias.    The  gritty  varie- 
ties abound  in  Scolithus  linearis;  are  weathered  to  a  whitish  sand,  and  lose 
the  conchoidal  fracture  of  the  quartzite.     The  pebbles  of  this  formation  of 
a  recent  origin  can  be  generally  told  from  the  Paleozoic  pebbles  of  the  same 
(as  found  in  the  basal  conglomerate  of  the  Trias)  by  the  reddish  or  purplish 
color  of  the  latter,  due  to  long  immersion  in  ferruginous  mud.     This 
color  extends  from  a  few  lines  to  an  inch  from  the  surface,  while  the  in- 
terior is  fresh.     There  are,  however.  Paleozoic  pebbles  which  have  escaped 
this  staining,  and  such  cannot  be  told  from  recent  ones,  and  resemble, 
al.so,  the  rolled  pieces  of  the  lighter  bands  of  the  Oneida-Medina  fonna- 
tion  at  the  Blue  ridge.     When  the  latter  conglomerate  carries  slate  and 
chert  pebbles  there  is  a  ready  means  of  distinction.     The  Oneida  sand- 
stimes  have  whitish  streaks — they  cannot  be  called  veins — several  inches 
in  length  that  are  not  found  in  the  Potsdam  rock,  but  when  they  do  not 
exist  there  is  difficulty  if  not  impossibility  of  distinction  by  the  poclfet 
lens,  a.M  both  have  a  conchoidal  fracture,  a  similar  arrangement  of  grains 
and  matrix,  and  a  similar  habit  of  weathering.     The  darker  bands  of  the 
Oneida-Medina  show  specks  of  ocher  on  a  fractured  surface.     These 
similarities  often  make  it  difficult  to  base  arguments  on  the  presence  of 
such  rocks  over  portions  of  the  region,  as  the  gneiss  was  universally  over- 
laid by  Potsdam  west  of  the  Saucon,  and  large  areas  of  this  formation 
still  exist  on  the  summits  of  the  highlands  in  the  position  of  deposition. 
The  presence  of  rounded  or  angular  fragments  of  sandstones  and  quartz- 
ites  on  gneiss  may  therefore  be  residual  and  not  due  to  transportation, 
an<l  their  presence  in  abundance  in  the  basal  conglomerate  of  the  Trias 
l»rohibits  their  use  over  that  formation,  as  its  lilnestone  pebbles  weather  to 
a  red  clay  and  the  rotten  rock  simulates  some  varieties  of  till,  e8j)ecially 
where  the  pebbles  have  been  unstained. 
The  state  survey  reports  f  that  the  limestone  belt  is  bounded  above 

♦  R<>port  of  Progre^is,  Second  Gool.  Survey  of  P  'nnsylvaaia,  D  a,  vol.  i,  p.  72. 

fSee  Report  of  Progress,  SecoDd  Gcol.  Survey  of  Pennsylvania,  vol.  DD,  chtipter  xvll. 
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and  below  by  daiiiourite  slates,  and  that  its  lower  portions  are  ma^ne- 
sian,  as  well  as  argillaceous  and  sandy  ;  so  that  in  the  eastern  part  of  the 
region  (Bethlehem)  it  weathers  to  a  clayey  sand,  and,  in  the  western,  to  a 
reddish,  porous  sandstone  that  sometimes,  when  coarse,  resembles  the 
rotten  bands  of  the  flags  in  the  Hudson  river  formation.  Tliis  latter 
formation  is  well  defined  by  the  term  "slate  belt,"  as  the  above  bands 
are  thin  and  infrequent.  The  formations  north  of  the  Clinton  occasion- 
ally carry  fossils,  and  their  determination  is  based  thereon. 

GLACIAL  DEPOSITS. 

The  Fringe, — The  extramorainic  deposits  of  the  region  are  called  a 
"  fringe  "  to  the  moraine  because  they  seem  to  be  closely  allied  to  it 
in  time  of  formation,  and  not  because  they  are  attenuated.  They  are, 
on  the  contrary,  of  great  bulk,  and  worthy  of  comparison  with  the  mo- 
raine in  its  greatest  extension.  This  will  not  be  used  as  an  argument  for 
an  extension  of  time  necessary  for  their  formation ;  but,  on  the  contrary, 
the  survey  of  the  region  shows  such  a  recency  of  creation  that  we  are 
com])elled  to  admit  great  rapidity  of  accumulation,  as  advocated  by  Mr 
Upham.  and,  applying  the  same  rule  to  the  moraine,  are  enabled  to  com- 
press all  the  glacial  deposits  into  a  short  period  that  can  be  measured 
by  tens  instead  of  hundreds  of  thousands  of  years.  It  may  be  argued 
that  such  a  bulk  of  material  would  not  have  escaped  the  attention  of 
the  sUite  survey.  The  above  extracts  show  what  was  done  with  the  evi- 
dence adduced  twenty  years  ago  by  Professor  Prime,  and  it  must  be 
stated  that  local  and  limited  surveys  of  the  region  are  extremely  con- 
fusing, and  might  lead  to  the  decision  that  the  deposits  are  due  to  water 
alone.  It  is  only  when  the  region  is  studied  as  a  whole  that  the  clue  to 
the  mode  of  action  can  be  obtained.  Any  thorough  search,  however, 
would  have  shown  subglacial  till  within  the  limits  of  the  region  mappe<l ; 
but  this  was  so  ca])ped  by  lake  deposits  as  to  be  unseen  except  under 
sj)ecial  circumstances.  There  was  no  reason,  however,  for  calling  the 
unstratified  till  to  be  found  in  railroad  cuts  at  Bingen,  South  Bethlehem, 
Northampton,  Siegfried,  and  other  places  stratified  material;  though 
it  is  not  common  to  find  subglacial  and  englacial  till  composed  almost 
wholly  of  river  pebbles,  and  on  this  account  an  extended  discussion  of 
the  till  and  the  cap})ing  is  necessar}-. 

The  Packer  Clay. — A  lake  formed  by  the  damming  of  the  Lehigh  hy 
the  glacier  was  noted  on  the  map  within  the  contour  line  of  5(X)  feet.  It 
is  proposed  to  call  this  lake  Packer,  in  honor  of  the  late  Honorable  Asa 
Packer  of  Mauch  Chunk.  Judge  Packer,  as  the  builder  of  the  I^ehigh 
Valley  railroad  and  the  founder  and  munificent  endower  of  the  I^ehigh 
University,  was  iireemincut  in  the  development  of  the  region  mapped 
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and  over  which  the  lake  existed.  This  lake  was  2G  miles  long  and  9 
wide,  with  a  bay  (in  the  Saucon  valley)  11  by  3  miles.  The  Lehigh 
tiowed  for  20  miles  from  Mauch  Chunk  through  slack  water,  with  an 
average  width  of  three-fourths  of  a  mile  before  reaching  it,  and  there 
were  long  bays  in  the  valleys  through  which  Aquanchicola,  Lizard,  Ma- 
honing, and  Big  creeks  flow.  Evidences  of  the  elevation  of  the  surface 
are  found  in  sudden  stoppages  of  the  lake  formations  at  the  500-foot 
contour  at  Parry  ville,  Bath,  the  w^est  side  of  the  divide  at  Stouts,  and 
the  terrace  at  Lehigh  ton,  before  named,  as  well  as  one  at  South  Bethle- 
hem. As  the  area  is  extensive,  there  may  exist  many  more  evidences 
not  yet  discovered ;  but  sufficient  work  has  been  done  to  prove  the  ex- 
istence of  the  lake.  This  varied  in  size  and  depth  from  two  causes :  the 
occupation  of  a  variable  portion  of  its  bottom  by  the  glacier,  and  the 
variation  in  the  ease  of  drainage.  There  were  two  lake  periods,  and  only 
the  latter  has  left  any  traces.  When  the  glacier  advanced  to  the  mouth 
of  the  Lehigh  it  began  to  form  a  dam  under  which  the  water  escaped, 
and  as  it  advanced  subglacial  drainage  became  more  and  more  difficult. 
In  time  the  ice  filled  the  bottom  of  the  lake  and  crossed  the  Topton 
divide  and  the  first  period  came  to  an  end.  The  second  began  when  the 
ice  retreated  across  the  same  divide,  and  continued  till  it  had  freed  the 
mouth  of  the  Lehigh.  In  both  periods  there  was  generally  slack  water 
upon  which  floated  the  bergs  from  the  ice-foot,  and  in  which  settled  the 
debris  brought  down  by  subglacial  streams  and  })ergs.  During  the  first 
period  the  lake  was  a  catch-basin  to  accumulate,  on  its  old  preglacial 
bottom,  a  mass  of  clays  and  sands  which  were  scraped  from  the  decom- 
posed soils  north  of  the  Blue  ridge  and  at  that  time  covered  by  the  ice,  and 
nnxed  with  a  huge  bulk  of  river  and  glacial  gravels  brought  down  by  the 
r^high,  whose  drainage  area  was  crossed  by  fifty  miles  of  the  ice-front. 
The  advancing  ice  ploughed  into  this  mass  and  forced  it  up  the  southern 
shores  of  the  lake  and  over  the  eastern  part  of  the  Archean  highlands  to 
form  thick  beds  of  till  which  will  be  described  later.  The  water  was  150 
feet  deep  over  Bethlehem  hill,  and  280  feet  over  the  Lehigh,  so  that  the 
}>uoyant  effect  on  the  glacier  was  great  and  the  corresponding  erosion 
diminished.  We  find  deep  remnants  of  decomposed  rock  at  Bethlehem 
and  South  Bethlehem  due  to  this  cause.  The  evidences  of  this  first  pe- 
riod are,  consequently,  wanting,  and  we  find  only  the  accumulations  dur- 
ing the  retreat  of  the  ice. 

The  Packer  clay  is,  therefore,  a  local  deposit  existing  between  Easton 
and  the  Topton  divide  and  below  the  level  of  500  feet,  with  the  excep- 
tion of  the  part  of  the  Saucon  valley  west  and  south  of  Plellertown. 
Here  there  is  no  cap  over  the  till,  and  this  absence  proves  the  previous 
statement  that  the  Jjcithsville  divide  was  higher  than  that  at  Topton  at 
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this  time,  and  that  there  was  no  escape  of  the  waters  into  the  Durhaiii 
valley  and  the  Delaware.  A  flow  over  that  divide  would  have  distrili- 
uted  the  clays  over  the  Saucon  valley  in  great  bulk.  On  the  Topton  di- 
vide the  state  of  the  clay  indicates  slack  water,  so  that  there  was  no  ex- 
tended discharge  over  that  divide,  and  any  evidence  of  slight  flow  ha.< 
pr6}>ably  been  washed  away  from  the  steep  sides  of  the  Sacony  valley. 
The  drainage  of  the  lake  was  therefore  subglacial. 

The  clay  is  generally  a  reddish  brown,  unstratified,  sandy  deposit,  with 
a  burden  of  glaciated,  angular  and  river-rolled  material  scattered  irregu- 
larly through  it.  Very  few  striated  stones  have  been  found  in  the  sw- 
tions  studied,  and  the  bulk  of  the  burden  consists  of  river  cobbles  and 
pebbles,  with  a  considerable  proportion  of  perfectly  angular  fragment- 
derived  from  the  rocks  to  the  north  of  the  locality  where  they  occur  in  the 
clay.  In  the  case  of  syenitic  fragments,  they  occur  near  the  South  moun- 
tains, where  they  could  have  been  picked  up  by  shore  ice  and  carried  a 
short  distance.  The  greater  proportion  of  the  burden,  however,  are  sand- 
stones and  chert,  with  a  small  amount  of  limestone  and  slate.  The 
specimen  of  striated  rock  exhibited  is  from  the  clay,  and  shows  thv 
general  freshness  of  the  burden.  The  slates  are  generally  fresh  witliin 
if  oxidized  externally,  and  workable  slate  can  be  found  10  feet  from  the 
surface,  whereas  the  average  depth  of  decomporsed  soil  over  an  ungla- 
ciated  area,  or  one  exposed  to  long  atmospheric  action,  is  from  60  to  7') 
feet. 

The  clay  deposit  varies  from  a  perfectly  clean  clay  to  clayey  sand  sl< 
we  go  from  the  deep  water  of  the  south  to  the  northern  shallows.  It 
is  generallv"  unstratified,  but  shows  local  areas  of  stratification.  It^ 
thickness  varies  from  a  few  inches  to  twelve  feet  at  West  Bethlehem,  but 
the  general  average  is  three  feet.  The  stony  burden  thins  out  along  the 
shorelines  and  is  replaced  by  the  washings  of  local  rocks  or  of  the  till 
left  by  the  ice.  Where  the  clay  is  stratified  it  caps  stratified  sands  and 
gravels,  as  at  Alburtis,  of  local  extent,  and  due  to  local  variations  in  cur- 
rents from  the  land  drainage. 

The  Packer  clay  may  have  been  augmented  by  slight  additions  over 
low  levels  from  dams  in  the  Delaware  narrows  after  the  mouth  of  the 
Lehigh  was  free,  as  there  are  clays  in  the  Durham  valley  which  are  at 
lower  levels  than  those  in  the  Lehigh  and  which  could  have  been  made 
by  ice-dams  in  the  narrows  or  by  the  damming  of  the  valley  by  the 
glacier.  As  soon  as  the  ice  freed  the  mouth  of  the  Lehigh  the  front  was 
but  a  few  miles  south  of  the  great  moraine,  so  that  the  Packer  clays 
slightly  antedated  as  to  their  top  parts  that  formation,  and  the  clays  m 
tire  small  valleys  from  dams  in  the  narrows  may  have  been  contem- 
poraneous.    By  reason  of  the  recency  of  the  deposits,  we  can  claim  that 
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t  he  moraine  represents  the  next  formation  above  the  clay  as  truly  as  if 
rleposited  as  its  cap. 

The  high  state  of  oxidation  of  the  clay  has  been  adduced  as  evidence 
of  its  great  age,  but  the  argument  is  worthless  in  view  of  the  manner  in 
'«\'hich  it  was  accumulated  and  the  condition  of  the  burden  it  carries. 
These  glaciated,  rolled  and  angular  stones  are  generally  fresh  and  un- 
oxidized,  as  just  described.  We  have,  therefore,  a  highly  oxidized  clay 
throughout,  bearing  at  all  levels -fresh  material.  The  mixture  is  no  older 
than  the  fresh  part,  and  the  oxidation  of  the  clay  is  either  preglacial, 
from  its  having  been  part  of  the  soil  of  the  region  (as  gneiss,  limestone 
and  slate  all  rot  to  just  such  a  clay),  or  due  to  oxidation  while  it  was 
heing deposited.  Judging  from  the  state  of  certain  portions  of  the  till,  the 
<-hances  are  in  favor  of  the  former  supposition.  These  fresh  fragments  an- 
tedate tjie  great  moraine  and  show  that  it  also  is  of  recent  date.  It  may 
>>e  argued  that  the  clay  is  the  ordinary  })Owlder-clay  of  subglacial  origin. 
If  it  were  its  deposition  would  have  disturbed  the  stratification  of  the 
underlying  gravels  and  sands,  and  there  would  not  be  the  great  i)ropor- 
tion  of  angular  fragments  in  the  burden,  nor,  further,  would  we  in  hun- 
dreds of  cases  find  the  till  shading  gradually  and  conformably  into  the 
overlying  clay. 

Lyrinnlins,  Kamea  and  oUier  glacml  Phenomena. — As  the  clay  cap  hides 
the  greater  part  of  the  region,  except  where  cuts  have  been  made,  few 
buried  deposits  of  the  types  specified  have  been  found.  It  has  not  been 
fully  determined  whether  the  ridges  of  unstratified  gravel  at  Bingen, 
Sieorfried,  Northampton,  etcetera,  are  drumlins  or  portions  of  lateral  or 
terminal  moraines.  The  two  latter  deposits  are  on  the  north  bank  of  the 
I^high  and  are  10  to  20  feet  thick,  from  half  a  mile  to  one  mile  long, 
and  from  a  few  hundred  feet  to  half  a  mile  w^icle.  The  chances  are  in 
favor  of  their  being  drumlins  and  connected  with  the  subglacial  drainage 
of  the  r^on. 

Rauch's  gravel  pit  at  West  Bethlehem  is  a  stratified  (plunge  and  flow) 
<leposit  varying  in  thickness  from  a  few  inches  to  30  feet,  as  far  as  known. 
Its  thickness  may  be  greater  to  the  west,  and  it  pinches  out  to  the  east 
and  south  by  the  erosion  of  its  surface,  and  to  the  north  by  the  rising  of 
the  underlying  rock.  The  clay  cap  is  continuous  over  the  whole,  but  is 
twice  as  thick  at  the  western  end,  so  that  both  dej)Osits  seem  to  have 
heen  influenced  by  similar  forces,  but  at  different  times,  as  the  day  is 
unconformable.  Plate  10  shows  the  central  third  of  the  north  face  of 
Ilauch's  pit.  The  unconformit}'  l)etween  the  clay  cap  and  the  gravel  is 
j>lainly  marked,  as  well.as  the  thinning  of  the  deposit  toward  the  east. 
The  darker  smooth  surface  over  which  the  lower  end  of  the  tape  lies  is  the 
glaciated  remnant  of  deconn)osed  calciferous  sandstone  that  i)reglacially 

XL— Boi.t..  Oeol.  Soc.  Am.,  Vol.  5, 1803. 
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capped  tlie  region.  No  subglacial  till  is  shown.  The  bed  of  gravel  lie- 
on  the  eastern  end  of  the  southern  side  of  a  ridge  and  where  it  falls  rapidly 
to  the  Manokisy.  A  section  through  the  ridge  shows  that  the  underlying 
rock  has  lost  its  decomposed  cap  on  the  northeast  slope,  which  rises  fifleeii 
to  one,  and  up  which  the  ice  came,  but  retains  it  to  a  great  depth  on  the 
southern  side  (with  a  similar  sloi)e),  down  which  the  ice  passed  to  the  U- 
high,  180  feet  below.  From  this  it  seems  that  the  ice  could  not  accom- 
modate itself  to  the  sudden  angle  in  the  ground,  and  an  arch  must  haw 
been  formed  on  its  under  side,  with  the  usual  crevasses,  so  that  the  prt»>s- 
ure  was  not  exerted  till  just  before  reaching  the  Lehigh.  This  stretch  of 
ice  was  from  150  to  280  feet  beneath  the  lake  surface,  and  the  arch  wa^s  used 
by  the  lake  waters  in  their  escape  toward  the  Delaware.  The  ground  fall> 
rapidly  on  the  northern  bank  of  the  Lehigh  from  Allentown  to  Ea.stonr 
and  the  existence  of  similar  deposits  in  places  along  this  line  and  ji\st  north 
of  Hellertown,  where  the  ^'aters  from  the  Saucon  valley  would  att^m[)t  to 
escape  (and  along  a  similar  ridge),  lends  strength  to  the  theory  of  the 
formation  of  these  deposits  by  subglacial  drainage.  During  the  advance 
of  the  ice  there  was  no  stability  to  the  deposit,  and  it  wa^  continually 
carried  away  by  the  moving  ice,  as  is  shown  by  the  finding  of  thick  sul>- 
glacial  till  beneath  the  gravels  and  above  the  decomposed  limestone; 
but  this  conclusively  proves  that  the  till  acquired  a  great  part  of  its  river 
gravels  from  this  source.  This  gravel  deposit  is  not  a  river  bed,  as  there  is 
no  continuous  deposit  across  the  Manokisy  at  Bethlehem,  and  it  was 
formed  after  the  advent  of  the  glacier  and  before  the  deposition  of  clay,  a^J 
it  is  enclosed  between  till  and  clay.  It  probably  began  to  accumulate  after 
the  motion  of  the  ice  had  ceased  and  before  it  had  melted  over  the  spot. 
The  subglacial  waters  would  increase  the  size  of  the  arch  under  the  ice, 
and  stratification  went  on  proportionate  to  the  dissolving  of  the  ice. 
When  the  ice  was  completely  removed  erosion  began  and  continued  till  the 
ice-foot  had  retreated  for  some  dishince  down  the  ridge,  and  when  slack 
water  occurred  and  the  clay  began  to  deposit,  the  eastern  end  had  been 
cut  off,  and  the  clay  rested  unconformably  on  the  eroded  surface,  a.s  can 
be  seen  in  plate  10.  It  remains  to  note  that  when  Mr  Lewis*  visited  the 
place  there  were  no  bowlders  in  sight  in  the  gravels.  Their  occurrence 
is  not  common,  but  one,  of  a  spindle  shape,  is  now  exposed  on  the 
western  side  of  the  pit  and  about  fifteen  feet  from  the  top  of  the  gravel. 

We  have,  therefore,  a  stratified  gravel  on  the  south  side  of  the  ridge 
capped  with  clay,  and  a  glaciated  and  fresh  rock  surface  similarly  capped 
on  the  north  side. 

The  Till  and  its  Age. — This  exists  as  ground,  Uteral  and  terminal  mo- 
raines.    The  first  varies  from  the  ordinary  formation  by  the  persistent 

•  See  Report  of  ProKrc«s,  Second  Geol.  Survey  of  Pennsylyania,  u.l,  vol.  i,  p.  48. 


THE   TILL.  291 

mixture  of  river  gravels,  as  before  described.  Removing  them,  it  re- 
sembles ordinary  subglacial  till,  and  is  found  as  a  mass  of  angular  local 
fragments  or  of  local  paste.  The  weathering  of  tills  proceeds  under  the 
same  laws  as  of  ordinary  rock  of  the  same  nature,  only  the  broken  char- 
acter of  the  till  invites  greater  rapidity  of  decomposition.  An  old  till 
of  limestone  or  slate  will  show  a  clay  top  that  protects  to  a  certain  degree 
the  lower  parts  until  the  whole  mass  is  resolved  into  clay.  The  deposit 
over  this  r^ion  is  not  an  old  till,  as  there  is  a  constant  uniformity  of 
oxidation  and  decomposition  on  a  verti(*al  section,  no  matter  what  the 
tliickness  may  be.  It  is  frequently  found  perlfectly  fresh,  as  under  the 
gravel  just  described,  where  it  is  a  paste  of  damourite,  holding  perfectly 
fresh  and  firm  fragments  of  the  same  rock  and  river  pebbles  unoxidized. 
It  rests  on  the  old,  rotten,  Calciferous  sandstone,  and  the  contrast  of  the 
light  colored  till,  with  its  fresh  fragments  and  pebbles,  and  the  soft,  yel- 
lowish red,  underlying  rocks  (lead  colored  when  fresh)  is  seen  at  once, 
even  if  there  were  no  sharp  line  of  unconformity  between  the  two. 

Plate  11  shows  the  lower  part  of  the  gravel  and  the  upper  18  inches  of 
till  as  exposed  at  the  southeastern  corner  of  Ranch's  pit.  The  sequence 
is,  sandy  clay  cap,  1  to  3  inches ;  gravel,  2  feet ;  till  of  damourite  paste, 
inclosing  fragments  of  the  same  with  rolled,  but  not  striated  pebbles,  and 
having  local  patches  of  sandy  nature,  2  feet.  These  rest  on  decomposed 
Calciferous  sandstone  from  which  the  preglacial  surface  has  been  re- 
moved. The  thin  sandy  cap  and  underlying  gravel  have  lost  part  of 
their  coloring  matter  by  leaching,  with  the  resultant  fonnation  of  a 
conglomerate  in  the  lower  inch  of  gravel,  having  a  limonite  matrix, 
which  is  seen  sharply  projecting  over  the  till  at  the  left  upper  corner  of 
the  plate  and  running  diagonally  to  the  right.  The  ferruginous  solution 
has  penetrated  the  upper  surface  of  the  till  to  the  average  depth  of  one 
inch  and  the  sandy  parts  to  a  greater  depth,  while  the  body  of  till  re- 
mains fresh  in  color.  As  the  country  rock  is  Calciferous  sandstone,  the 
I)resence  of  damourite  indicates  foreign  origin  of  the  till,  and  its  fresh- 
lujss  under  conditions  that  favor  oxidation  compels  the  conclusion  that 
the  period  of  exposure  has  not  been  long. 

locally  the  till  is  composed  principally  of  gravels,.  South  of  the  Blue 
ridge  they  are  25  feet  thick  and  freely  mixed  with  huge  bowlders,  and 
from  Seidei'sville  to  Temple  they  form  a  huge  lateral  moraine  which  ex- 
tends along  the  northern  border  of  South  mountain.  One  section  gives 
70  feet  of  thickness.  The  average  thickness  of  the  till,  however,  is  8  feet. 
Immediately  south  of  the  Ridge  it  is  not  only  thick,  but  rests  on  the 
crushed  and  bent  surfaces  of  the  slate,  and  has  but  little  local  rock  in 
itfl  composition.  The  slate  increases  in  proportion  as  we  go  south,  and 
finally  forms  the  bulk  of  the  mass ;  but  the  gravels  and  foreign  rocks 
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never  entirely  disappear,  and  are  found  continuously  to  South  moun- 
tain. Such  a  section  has  been  traced  from  Germans ville  through  Plejie- 
ant  Corner,  Lowhill,  Foglesville,  Trexlertown  and  Alburtis.  The  crushed 
and  bent  slates  are  cstrried  almost  across  that  formation,  and  slaty  till  in 
a  perfectly  rotten  state  is  found  on  fresh  limestone  just  north  of  Fogles- 
ville.  The  large  bowlders  are  carried  over  several  steep  ridges,  but  could 
n3t  surmount  that  south  of  Switzer  creek,  so  that  the  rest  of  the  region 
is  free  from  very  large  stones.  The  county  bridge  over  the  Jordan  near 
Pleasant  Corner  is  built  of  large  cut  stones  from  the  bowlders  brought 
over  the  Blue  ridge,  and  the  latter  are  as  fresh  as  if  recently  taken  from 
the  quarry.  Those  with  a  calcareous  matrix  must  be  of  recent  forma- 
tion, as  an  extended  exposure  reduces  them  to  sand. 

Over  the  limestone  belt  the  till  is  a  bowlder-clay  of  a  reddish  brown 
to  reddish  yellow  color,  carrying  a  few  pieces  of  the  country  rock ; 
but  the  burden  is  mainly  fragments  of  chert,  rolled  quartz  from  the 
slate,  and  foreigners  from  and  beyond  the  Blue  ridge.  East  of  tlie 
Lehigh  we  find  the  gravels  and  bowlders  scattered  over  Northampton 
county,  and  a  number  of  lines  of  stones  across  the  Saucon  valley  mark 
the  short  stoppages  of  the  ice  on  its  retreat;  but  west  of  the  Lehigh 
there  is  but  little  gravel  and  few  bowlders  over  the  limestone  and  the 
lower  part  of  the  slate,  but  slaty  till  is  found  on  slate,  and  limestone  frag- 
ments and  clay  on  limestone.  The  moraine  lines  in  the  Saucon  show 
that  the  ice  moved  southwest  originally,  but  the  change  in  the  trend  of 
of  South  mountain  exerted  a  pressure  on  the  glacier  and  altered  its 
direction  to  one  parallel  to  the  axis  of  the  valley,  as  shown  by  the  dis- 
tribution of  the  till  just  noticed  as  well  as  by  the  shape  of  the  lowest  and 
most  southern  range  of  slate  hills,  whose  longer  axes  and  slightest  slopes 
are  parallel  to  the  direction  just  mentioned.  Tlie  ice-movement  was, 
therefore,  southwest  until  the  pressure  of  the  ice  heaped  against  the 
northern  flank  of  South  mountain  resulted  in  a  more  westward  motion. 
The  melting  of  this  accumulation  formed  the  great  lateral  moraine  that 
we  find  between  Seidersville  and  Temple.  It  is  shown  in  the  railroad 
cuts  at  Emaus,  Topton  and  Temple  and  consists  mainly  of  pebbles  of 
sandstone,  with  a  small  amount  of  trap  and  gneiss.  These  are  seldom 
larger  than  the  hand  and  the  finer  part  of  the  till  is  more  sandy  than  clayey. 
At  Topton  the  cut  is  17  feet  deep,  and  just  beside  it  is  a  well  sunk  in 
gravel  for  80  feet  before  striking  limestone  and  water.  This  wt)uld  make 
the  thickness  nearly  1(X)  feet.  At  Temple  the  cut  is  20  feet  deep  and  a 
well  near  by  is  97  feet  deep,  but  no  record  of  the  material  passed  througii 
or  the  depth  of  the  limestone  could  be  obtiiined.  The  well-top  is  much 
below  the  track,  so  that  the  bottom  would  be  about  150  feet  below  tlie 
level  of  the  top  of  the  gravel.     This  will  be  again  referred  to. 
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The  till  has  been  tmced  to  the  Schuylkill  at  Ontelaunee  station,  on  the 
Pennsylvania  railroad.  Tliere  is  a  clay  in  the  northern  part  of  Reading 
that  may  be  bowlder-clay  (subglacial)  or  due  to  ice  dams,  or  perhaps  to 
decomposition  of  the  local  limestone.  There  are  a  few  evidences  that 
the  ice  swung  round  the  end  of  South  mountain,  but  they  are  not 
conclusive.  The  traces  of  ice-invasion  become  dubious  over  the  western 
end  of  the  slate  belt  until  we  reach  Jacksonville,  where  the  thick  masses 
of  gravel  and  bowlders  areagain  found.  The  presence  of  the  ice  at  this 
point  and  at  the  Schuylkill  shows  that  it  must  have  covered  the  region 
between  them.  The  next  point  to  be  studied  is  the  extent  of  the  inva- 
sion beyond  the  Schuylkill  and  the  point  where  its  edge  crossed  the  Blue 
ridge.  It  is  evident  that  ephemeral  lakes  were  formed  by  the  damming 
of  Lizard  and  of  Mahoning  creek,  and  two  moraines  have  been  found 
crossing  the  valley  of  the  former.  In  the  eastern  border  it  seems  that 
the  ice  did  not  cover  either  the  Hexenkopf  or  Bowers  rock,  aa  it  had 
wasted  its  power  in  sunnounting  the  ridges  north  of  them.  These  two 
]>eaks  divided  it  into  an  eastern  lobe  which  crossed  the  Durham  valley ; 
a  middle  one  which  crossed  the  Saucon  valley  as  far  as  Center  Valley, 
but  did  not  go  west  of  a  line  between  that  place  and  Friedensville ;  and 
a  third  which  crossed  the  range  back  of  South  Bethlehem  (850  to  920 
feet),  but  was  turned  westward  by  Bowers  rock  (1,020  feet)  and  went  as 
far  as  the  Schuylkill.  The  southern  border  on  the  Trias  has  not  been 
fully  determined,  owing  to  the  similarity,  of  some  of  the  till  to  the 
rotten  basal  conglomerate  of  the  Trias,  but  it  is  hoped  that  the  trap 
pebbles  and  glaciated  outcrops  may  settle  the  matter  in  the  absence  of 
fossiliferous  foreigners. 

The  age  of  the  till  has  been  briefly  discussed  in  the  American  Journal 
of  Science  for  January,  1894,  so  that  only  a  summary  is  necessary  here. 
We  find: 

First,  that  the  comparison  of  fresh  glaciated  surfaces  with  the  remains 
of  preglacial  decomposition  shows  that  the  former  were  recently  eroded. 
Second,  that  the  Packer  deposits  represent  mainly  preglacially  oxi- 
dized material,  and  their  burden  is  generally  fresh. 

Third,  that  the  freshness  of  surfaces  and  burden  must  be  balanced 
against  the  bulk  of  the  deposits,  for  if  the  freshness  indicates  rc^t^ency, 
the  bulk  stands  for  rapidity. 

Fourth,  that  when  the  ice-front  freed  the  mouth  of  the  Lehigh  it  was 
almost  in  the  position  where  it  formed  the  great  moraine.  This  latter 
may,  therefore,  be  taken  as  a  continuation  of  the  work  of  glaciation  in 
the  region,  and  we  can  apply  the  same  rule  of  recency  and  rapidity  to  it. 
Fifth,  that  the  scouring  out  of  a  filled  gorge  of  the  Lehigh  is  disproved 
by  finding  the  till  and  clay  running  uniformly  from  the  top  of  Bethlc- 
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tain.     Sections  at  Alburtis  (420  feet)  and  Troxlertown  (370  feet)  show 

Hiniilarity  of  dejmsits  as  follows : 

AWuiiijt.        lYejirrtoirs.. 

Unstratified  red  clay 'M>  inclu^. 

Stratified  sand  and  day 27  inches.  10       ** 

**         clean  clay,  jointtMl  when  dry 7  ft»et.  1<>       '* 

*'         clay  and  jrravel  with  rolled  limonjte :U     "  4  feet. 

Till  with  c»ol)l)leH  an<l  bowlders  of  Oriskany,  etcet>era  ...     10    "  11      *' 

The  difference  between  the  nine  feet  of  Packer  deposits  in  the  niid- 
valley  and  the  tliirty-nine  feet  on  the  shallows  bordering  the  Arohean 
highlands  is  caused  by  the  drainage  from  the  latter,  as  the  waterslietl  is 
two  miles  back  of  Alburtis,  and  the  amount  of  water  precipitated  wa< 
considera})le.  Instead  of  a  cutting  down  of  the  country  since  glacial 
times,  therefore,  we  find  that  the  preglacial  surfaces  are  generally  covere<l 
by  a  clay  cap,  or  an  accumulation  of  gravel,  and  Professor  Prime's  theory 
is  fully  j)roven. 

Summary. 

The  clays  are  the  work  of  ice  in  slack  water,  and  thus  far  no  signs  of 
life  have  been  found  in  them ;  they  were  deposited  immediately  after  the 
retreat  of  the  ice,  and  the  oldest  are  at  the  western  part  of  the  lake : 
their  burden  ami  that  of  the  till  shows  recency  of  formation,  as  do  the 
outcrops.  We  may  conclude  that  the  great  moraine  was  formed  imme- 
diately after  the  withdrawal  of  the  ice  from  the  TiChigh,  and  that  it  and 
the  extramorainic  deposits  of  the  region  were  part  of  the  same  ice-inva- 
sion, which  wafl  of  recent  age  and  short  duration. 
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Comprehensive  Position  of  the  Region  geologically. 

Although  Red  river  is  one  of  the  most  important  of  the  western  rivers, 
its  adjacent  territory  has  not  been  thoroughly  explored  or  surveyed.  In 
1852  Marcy's  expedition  reached  the  river  at  Preston,  near  the  western 
border  of  the  region  discussed  in  this  paper,  and  proceeded  from  thence 
westward  to  the  headwaters  of  the  stream.  Its  lower  portion,  east  of 
the  Texas-Louisiana  line,  has  been  reported  upon  by  various  engineers 
as  to  its  navigability.  The  medial  portion  between  these  points  has  not 
been  seriously  studied,  and  little  has  been  written  upon  the  geology  of 
the  adjoining  country.  La  Salle,  De  Soto  and  other  early  pioneers 
crossed  this  portion  of  the  river  previous  to  the  present  century.  Here 
Nuttall  botanized,  and  Catlin  painted  some  of  his  most  interesting  por- 
traits of  Indian  life. 

The  only  early  pioneer  geologists  who  touched  the  area  were  Dr  G.  G. 
Shumard  and  Jules  Marcou,  the  latter  reaching  it  at  its  northwest  corner. 
Their  contributions  were  of  that  class  of  fragmentary  but  important 
descriptions  which  cannot  be  overvalued. 

In  the  years  1887  and  1888  it  was  my  privilege  to  make  a  rather 
thorough  survey  of  the  southwestern  portion  of  Arkansas,  and  during 
previous  and  subsequent  years  I  made  frequent  reconnaissance  into  the 
Choctaw  and  the  Chickasaw  Nation*  and  the  opposite  counties  of  Texas. 
This  portion  of  our  country  is  of  exceeding  geologic  interest,  in  that 
here  the  peculiar  geographic  features  of  the  Texan  and  Cordilleran 
region  make  their  final  disappearance  eastward  toward  the  Mississippi 
river  and  meet  the  geologic  and  geographic  features  which  belong  to 

♦In  this  region  the  term  "nation"  means  the  area  in  Indian  Territory  occupied  by  an  Indian 
tribe,  and  it  is  so  used  in  this  paper. 
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that  portion  of  the  Atlantic  coastal  plain  known  as  the  Mississippi  em- 
bayment,  while  on  the  northward  the  whole  is  limited  by  the  Ouachita 
group  of  mountains,  which  are  distinctly  Appalachian  in  age  and  struct- 
ure. In  fact,  the  area  embraced  upon  the  accompanying  map  represents 
a  base,  away  from  which  the  different  features  of  Texas  expand  to  the 
south  and  southwest. 

The  eastern  half  of  this  area,  including  southwest  Arkansas,  Choc- 
taw Nation  and  Bowie  and  Red  River  county  of  Texas,  is  one  of  the 
most  difficult  for  exploration.  The  littoral  terranes  of  different  ages  are 
all  of  an  unconsolidated  ferruginous  nature,  and  it  is  only  by  long  and 
careful  study  that  they  can  be  distinguished  one  from  the  other.  At  the 
first  glance,  the  Trinity  sands  so  much  resemble  lithologically  the  Da- 
kota, and  the  Eocene  so  closely  simulates  the  Plateau  gravel  and  the 
Second  bottoms  that  one  would  think  them  the  same.  The  problems 
are  somewhat  similar  to  those  met  in  studying  the  later  formation  of 
the  North  Atlantic  coastal  plain,  except  that  they  are  much  more  com- 
plicated by  the  great  bottoms  and  flooded  rivers,  and  absence  of  any 
topographic  maps,  to  say  nothing  of  dense  forests,  excessive  humidity 
and  malarial  climate.  Upon  the  other  hand,  the  area  represented  by  the 
western  and  southern  portion  of  the  map  is  a  beautiful  prairie  region, 
with  simple  and  conspicuous  stratification,  diversified  by  strips  of  tim- 
ber— a  country  radically  different  in  every  respect  from  the  eastern  part. 

Physiographic  Features. 

Topography. — The  northern  border  of  the  region  is  limited  by  the 
Ouachita  mountain  system,  which,  with  its  vertical  folds  and  consoli- 
dated rocks  of  Paleozoic  age,  forms  a  northern  barrier  to  the  geologic 
features  of  the  region  to  be  discussed. 

South  of  Red  river  the  low,  rounded  divide  of  Red  and  of  Sulphur  river 
extends  eastward,  but  is  devoid  of  sharp  topographic  sculpture,  thereby 
differing  from  the  Kiamitia  prairies  north  of  the  river.  It  consists  of  a 
low  central  ridge  of  rich. prairie  land,  diminishing  in  area  eastward,  with 
timbered  slopes  and  valleys.  This  prairie  is  mostly  the  outcrop  of  the 
uppennost  Cretaceous  formations. 

The  Kiamitia  prairies  and  gravel  mesas  lie  north  of  Red  river  and 
south  of  the  mountains.  The  former  are  small,  flat  calcareous  prairies, 
interrupted  by  scarps  and  bounded  on  all  sides  by  forests.  To  the  east- 
ward, in  Arkansas,  they  are  supplanted  by  extensive  low  mesas,  capped 
with  gravel.  The  Kiamitia  prairies  are  the  outcrop  of  Lower  Cretaceous 
beds. 
^  The  Red  river  valley,  the  representation  of  which  extends  longitudi- 
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nally  across  the  map,  is  bordered  with  many  ancient  terraces  or  deposi- 
tion planes. 

The  following*  features,  although  secondary  to  the  above,  are  also  of 
importance : 

The  Antlers  (Trinity)  Valley  is  a  low  topographic  groove  extending 
parallel  to  the  foot  of  the  mountains.    It  is  a  valley  of  headwater  erosion. 

The  Goodland  escarpment,  which  limits  this  valley  to  the  southward, 
forms  the  northern  scarp  of  the  prairie  region  and  is  an  escarpment  of 
stratification. 

Extensive  second  bottoms  of  the  streams  or  benches  are  found  above 
their  present  levels. 

The  eastern  Cross  Timbers  are  erratic  belts  of  timber  occupying  the 
upland  and  confined  to  the  outcrop  of  certain  arenaceous  terranes. 

The  genesis  and  relation  of  these  topographic  features  will  be  brought 
out  in  the  course  of  the  geologic  discussion. 

Drainage. — The  valley  of  Red  river  everywhere  represents  the  lowest 
drainage  channel,  but  there  is  also  an  extensive  secondary  system  of 
drainage  coming  down  from  the  mountain  region  on  the  north  and  flow- 
ing southward  into  Red  river.  No  survey  of  this  has  been  made  in 
Choctaw  Nation,  but  it  is  equally  diversified  there  as  in  the  Chicka- 
saw and  Arkansas  portion  of  the  area.  This  drainage  is  marked  by  the 
large  proportion  of  water  to  the  length  of  the  streams  and  its  excessively 
wide  bottoms  as  we  approach  the  level  of  Red  river.  South,of  Red  river 
an  entirely  difierent  and  probably  newer  system  of  secondary  drainage 
is  met,  flowing  directly  away  from  Red  river  and  into  the  Trinity  and 
the  Sulphur. 

Forest  Growth  and  its  Relation  to  geologic  Structure, — One  of  the  most 
instructive  features  of  this  region  is  the  relation  of  forest  growth  and 
prairie  to  geologic  structure,  and  its  bearing  upon  the  southwest  term- 
ination of  the  great  Atlantic  timber  belt.  The  rainfall  is  everywhere 
here  sufficient  to  produce  abundant  arborescent  growth,  as  shown  by  the 
belts  of  timber  crossing  it,  but  the  region  is  varied  by  sharply  defined 
prairie  and  forest  areas,  the  distribution  of  which  is  entirely  in  con- 
formity with  the  peculiarities  of  geologic  substructure. 

The  prairie  regions  are  of  five  kinds : 

1.  The  Prairie  d'Ane  type.  Small  open  spaces  in  the  heart  of  the 
great  Atlantic  timber  belt,  surrounded  everywhere  by  the  forest  growth 
of  virgin  Appalachian  flora.  These  prairies  conform  in  area  with  the 
extent  of  the  fresh- water  Pleistocene  deposits  of  the  Prairie  d'Ane  type, 
namely,  prairie  d'Ane,  prairie  de  Roan,  and  Bois  d'Arc  prairie  of  Arkan- 
sas, and  New  Boston  prairie  of  Texas.  They  are  usually  surrounded 
by  a  growth  of  liquidamber. 
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2.  Prairies  coincident  with  the  distribution  of  the  medial  beds  of  the 
Upper  Cretaceous,  occupying  the  outcrop  of  the  Benton,  Niobrara  and 
Taylor  (Exogyra  ponderosa)  beds,  clays  and  chalks,  the  residual  soils 
and  compact  calcareous  subsoils  of  which  seem  ill  adapted  to  forest 
growth. 

3.  Prairies  of  the  Comanche  series,  occupying  the  calcareous  and  argil- 
laceous terranes — all  of  the  beds,  in  fact,  of  the  Comanche  series  except 
the  Trinity,  Paluxy  and  the  upper  Denison  sands.  It  will  be  noted 
that  these  beds  outcrop  as  prairies  even  when  they  occur  as  isolated 
areas  in  the  Tertiary  forested  region. 

4.  Prairies  of  the  Carboniferous  clays  of  central  Indian  Territory. 
The  forests  are  of  the  following  kinds : 

1.  The  .western  part  of  the  Atlantic  timber  belt  proper,  consisting 
of  (a)  pines  on  the  post-Cretaceous  gravel  and  sandy  terranes,  and  (6)  of 
hardwoods — oak,  ash,  hickory — in  the  second  bottoms  and  bottoms  of 
the  streams  and  upper  part  of  the  Cretaceous  formations. 

2.  Westward-extending  tongues  of  the  great  Atlantic  timber  belt, 
alternating  with  prairies,  following  up  the  sandy  alluvial  riverways  or, 
on  the  upland,  following  the  strike  of  the  arenaceous  terranes.  The 
latter  are  almost  invariably  oaks  and  elms.  These  upland  timbers 
follow  four  formations :  (a)  The  vertical  sandstone  beds  of  the  Carbon- 
iferous, the  clay  beds  between  being  prairie.  (6)  The  Cross  Timber  belts, 
following  the  Cretaceous  sands.  They  are  exactly  coincident  with  the 
outcrop  of  the  Trinity,  upper  Denison  and  Dakota  sands  to  be  described, 
(c)  The  glauconitic  sands  of  the  uppermost  Cretaceous  carry  hardwood 
forests  coincident  with  that  formation,  (d)  The  Bois  d'Arc  forests  of  the 
Kickapoo  (glauconitic  marls)  only  occupy  these  beds  of  the  Upper  Cre- 
taceous in  southwestern  Arkansas  and  northeastern  Texas. 

When  botanists  thoroughly  study  the  region  they  will  see  that  the 
minor  flora  is  likewise  proportioned  to  formations,  and  that  the  structure 
and  chemical  composition  of  the  different  beds  in  this  region,  aside 
from  altitudinal  variation,  produces  the  greatest  differentiation  of  floras. 

Geologic  Formations  and  Succession. 

I  have  already  described  in  previous  papers,  and  attempted  to  em- 
phasize the  importance  of,  the  mountain  system  which,  a  little  south  of 
the  center  of  Indian  Territory,  extends  east  and  west  between  the  Can- 
adian, the  Arkansas  and  the  Red  river  drainage,  and  also  presented  some 
of  its  geologic  features,  showing  that  in  its  eastern  portion  at  least  it  is 
of  typical  Appalachian  structure  and  belongs  categorically  to  the  Ap- 
palachian geology  of  the  United  States. 
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The  southern  front  of  this  mountain  region  has  been  the  scene  of  a 
continued  struggle  between  the  land  and  the  marine  baselevel  of  the 
gulf  of  Mexico,  and  in  the  sediments  to  be  described  is  recorded  the  de- 
tails of  this  history,  and  by  the  aid  of  which  we  can  interpret  many 
phenomena  of  the  Texan  and  Mexican  region  to  the  westward,  the  legi- 
bility of  which  has  otherwise  been  obscured  there  by  the  great  orographic 
and  denudative  agencies. 

The  following  beds,  occurring  in  the  medial  Red  river  region,  have 
been  largely  deposited  against  this  old  Paleozoic  shore : 

Pleistocene  and  recent {  ^^;;;ij"S;ttom. 

Neocene Plateau  gravel. 

Eocene Camden  series. 

(  Washington. 
Upper  Cretaceous.  .Glauconitic  division. . .  <  Brownstown. 

(  White  Cliffs. 
Taylor  marls. 

Colorado  division [i^^^f^^' 

Dakota  division Eastern  Cross  Timber. 

Main  street. . .  ^ 

Paw  Paw I  Denison 

North  Denison  f     beds. 

Marietta J 

Fort  Worth. 

Duck  creek . . .  )  Preston 

Kiamitia j     beds. 


Lower  Cretaceous . .  Washita  division . 


J:^     1    -It        J-  •  •      f  Goodlarid  ..  )  Comanche 
Fredericksburg  division  j  ^^^j^^^    »     }  p^^  ^^^ 


Trinity  division {^t^- 

Paleozoic Not  differentiated. 


Typical  geologic  Sections. 

In  order  to  appreciate  the  multiplicity  of  geologic  formations  and  their 
history,  ])oth  during  and  after  deposition,  attention  is  invited  to  the  ac- 
companying map  and  cross-sections  in  connection  with  the  preceding 
enumeration.  The  entire  sequence  of  formations  given  do  not  occur  at 
the  surface  in  any  one  of  the  profile  sections,  but  the  relation  of  one  to 
another  is  plainly  shown  by  the  parallel  profiles. 
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PRESTON  SECTION. 

This  section  is  from  TiBhomingo,  Chickasaw  nation,  southward  to  Sher- 
man, Texas.  It  is  typical  of  the  western  portion  of  the  area,  and  the 
following  beds  are  exposed  • 

Pleistocene  and  recent {  Second  S;ttom  deposits. , 

{Austin  chalk. 
£a8:le  Ford  shales. 
Lower  Cross  Timber  (or  Dakota)  sands. 


r  Main  Street  limestone . 

Paw  Paw  clays 

North  Denison  sands  . . 

'  Washita  division  \  Marietta  beds 

Fort  Worth  limestone. 


Lower  Cretaceous. . . 
(Comanche  series). 


•  Denison  beds. 


Duck  Creek  chalk I  p-^ton  beds 

.  Kiamitia  clays j  ^^^^^  ^^s- 


Fredericksburg     f  Goodland  limestone. 

division.  \  Walnut  clays  {Exogyra  texana  beds). 

Trinity  division . .  I  ^"^^"J^^.  ':epresenting  consolidated  Trinity 
(^  •'  t     division. 


{Carbonifei*ou8  shales  and  sandstones. 
Silurian. 
Granite. 

4Prinity  Sands, — The  base  of  the  mountains  in  southern  Indian  Ter- 
ritory is  everywhere  marked  by  a  narrow  belt  of  excessively  sandy  soil 
covered  with  oak  timber  exactly  similar  to  that  of  the  western  Cross 
Timbers  of  Texas.  This  is  the  outcrop  of  a  formation  of  pack-sand  iden- 
tical in  character  with  that  of  the  Trinity  and  Paluxy  sands  of  the  Brazos 
section  in  Texas,  except  that  the  limestones,  which  there  separate  them, 
have  thinned  out  in  the  country  north  of  the  Brazos.  I  was  unable  to 
decide  whether  this  sandy  strip  represented  either  one  or  both  of  the 
sands  of  the  Trinity  division  in  Texas,  and,  to  distinguish  this  Indian 
Territory  phase  of  these  basement  sands  from  their  differentiated  charac- 
ter as  found  in  Texas,  I  shall  use  the  provisional  name  of  Antlers  sands. 
The  Glen  Rose  limestones,  so  highly  developed  in  Texas  to  the  south 
and  in  Arkansas  to  the  east,  do  not  outcrop,  so  far  as  observed,  in  Indian 
Territory. 

WaJniU  Clays. — At  one  point  north  of  Marietta  the  typical  Walnut 
clays  (Exogyra  texana  beds)  have  a  slight  development  below  the  Good- 
land  limestone,  but  eastward  of  this  point  they  are  not  exposed. 

Ooodland  Limestone. — The  Walnut  clays  are  capped  by  a  hard,  pure 
white  crystalline  limestone  to  which  the  local  name  Goodland  limestone 
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has  been  given.  This  limestone,  by  chemical  induration,  has  at  placf? 
assumed  the  hardness  of  marble,  taking  a  handsome  polish.  This  in- 
duration is  superficial,  however,  for  at  other  places  away  from  the  surface 
it  is  soft  and  pulverulent.  The  limestone  occupies  the  bluff  of  a  north- 
ward-facing escarpment  from  Emmet,  Chickasaw  Nation,  eastward  to 
Goodland,  Choctaw  Nation,  and  finally  disappears  in  the  flood-plain  of 
Little  river,  five  miles  east  of  the  Arkansas  line.  It  also  outcrops  in 
Grayson  county,  Texas,  about  two  miles  south  of  the  historic  geologic 
locality  of  Old  Preston,  and  forms  the  south  bluff  of  Red  river  valley. 

The  Walnut  clays  and  the  Groodland  limestone  together  represent  the 
greatly  attenuated  northern  beds  of  the  Fredericksburg  division,  which 
has  a  constantly  increasing  thickness  southward.  The  limestone  is  the 
northward  continuation  of  two  upper  calcareous  members  of  the  Fred- 
ericksburg division  (the  Caprina  limestone  and  Comanche  peak  chalk) 
south  of  the  Brazos,  but  I  shall  continue  to  use  the  local  name  for  this 
bed  where  it  represents  this  consolidated  phase. 

The  Goodland  limestone  contains  the  following  characteristic  Fred- 
ericksburg species :  Cyphosoma,  sp. ;  En^aJlaster  texnnus,  Roemer ;  Grt/phRn 
navia,  Conrad  (not  of  others);  Rostelaria,  sp. ;  Cerithium  boaqiien^sis^  Shu- 
mard  (i.  e.,  Chemnitzia  occidetUale^  Gabb),  and  Sphenodi^ctCS  roemeri,  Cragin. 
The  remarkable  aberrant  Chamida?  and  Rudista>  so  well  developed  in 
synchronous  and  deeper  beds  to  the  southward  are  missing. 

Beds  of  the  Washita  Division, — Succeeding  the  Goodland  limestone  arc 
the  basal  Kiamitia  clays  of  the  Washita  division,  forming  a  prairie  regi9n 
sloping  away  from  the  Goodland  escarpment.  These  clays  are  succeeded 
in  turn  by  the  other  members  of  the  Washita  division  of  the  Comanche 
series,  which  are  described  more  minutely  on  page  324.  All  these  beds, 
with  one  exception,  are  calcareous  and  outcrop  as  prairies.  The  North 
Denison  sands  is  a  terrane  of  unconsolidated  sands,  and  like  the  Trinity 
and  Dakota  its  outcrop  is  invariably  covered  with  timber. 

Lower  Cross  Timber  {or  Dakota)  Sands, — Capping  the  uppermost  bed  of 
the  Washita  division  (the  Main  street  limestone)  unconformably,  the 
Dakota  sands  constitute  two  intensely  arenaceous  and  ferruginous  belts 
of  country,  forming  low  timbered  hills  in  that  region.  I  have  previously 
defined  these  beds  as  the  Lower  Cross  Timber  sands,  while  Doctors  B.  F. 
Shumard  and  C.  A.  White  have  correlated  them  with  the  Dakota.* 

These  sands  are  unconsolidated  except  in  their  basal  portion,  where 

•The  brothers  Shumard  made  several  publications  on  the  region  treated  in  this  paper,  but  com- 
pletely misinterpreted  the  stratigraphic  sequences  of  the  beds,  and  in  8ome  cases  referred  them 
to  the  Tertiary  system.  The  Third  Annual  Report  of  the  Gcoloicical  Survey  of  Texas  used  Dr  B.  F. 
Shumard's  t<>rms  of  Red  River  group,  originally  applied  to  many  )>edH,  for  thin  terrane.  It  is  (crati- 
fying  to  note  that  Mr  Tatf  abandons  this  untenable  position  in  the  second  part  of  his  report  in  the 
Fourth  Annual,  and  besides  gives  most  valuable  details  of  the  stratigraphy  of  the  Dakota  and  E«4(I<^ 
Ford  beds,  which,  with  the  Denison  beds,  in  part  constitute  Shumard's  old  Red  River  group. 
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ferrugination  has  produced  hard  indurations  of  deep  brown  silicious 
hematite.  ITiis  induration  is  superficial.  It  will  be  observed  that  these 
beds  have  three  outcrops  on  the  map.  Two  are  small  east-and-west  strips ; 
one  south  of  Denison  and  the  other  thirty  miles  northward — five  miles 
south  of  old  fort  Washita.  The  third  is  a  great  north-and-south  belt 
west  of  them  and  extends  from  Red  river  southward  to  the  Brazos. 

The  reasons  for  brief  correlation  of  these  beds  with  the  Dakota  by 
Shumard  are  good,  so  far  as  our  imperfect  knowledge  of  the  poorly 
defined  Dakota  as  a  whole  will  allow.  They  are  of  the  same  lithologic 
character  as  the  Dakota  to  the  northward  in  Kansas,  and  in  some  of  the 
indurated  ironstones  I  collected  the  same  dicotyledonous  fossil  plant 
previously  noted  by  Shumard,*  principally  Stercidea,  Salix,  Populus, 
etcetera.  I  have  had  no  time  to  undertake  the  critical  study,  except 
in  a  general  way,  of  my  collections  or  the  paleontology  of  these  beds, 
having  deferred  it  until  the  study  of  the  lower  Cretaceous  f  is  completed. 

Eagle  Ford  Shales. — The  Eagle  Ford  shales  of  my  original  section  J  of 
the  Texas  Cretaceous  appear  lithologically  modified  along  the  line  of  our 
Denison  profile  between  the  south  bank  of  Iron  Ore  creek  at  Cooks 
springs  and  at  Sherman.  The  continuity  of  the  entire  section  could 
not  be  made  out,  but  I  present  it  as  far  as  I  can  safely  interpret  it. 

At  the  base  the  beds  consist  of  yellow  arenaceous  layers  and  clays, 
which  grade  up  into  dark  blue  shale  similar  in  color  to  the  Cretaceous 
shales  of  Colorado,  and  not  of  the  marly  white  colors  that  distinguish 
the  Comanche  clays.  In  their  middle  and  upper  portion  there  are  many 
blue  calcareous  concretions,  septaria,  with  beautifully  preserved  fpssils, 
while  they  terminate  near  the  top  with  an  arenaceous  horizon  abound- 
ing in  fish  remains,  teeth  and  the  unique  Oslrea  bellaplicata  of  Shumard. 
These  clays  which  underlie  prairie  regions  are  undoubtedly  Benton, 

Austin  Chalk — The  typical  Austin  chalk  surmounts  the  Eagle  Ford 
shales  in  the  city  of  Sherman,  and  is  of  the  same  general  character  as 
has  been  previously  described  in  its  extent  to  the  southward.  The  areal 
outcrop  of  the  formation  here  forms  the  highest  point  of  the  whole 

•  Mr  TaflT  has  presented  the  only  detailed  stratigraphy  of  the  Dakota  and  Eagle  Ford  beds  in  the 
TtKion  Hoath  of  Deninon  to  Waco  along  the  south  strip,  and  this  portion  of  his  report  is  a  valuable 
'Contribution.    He  does  not  treat  of  their  extension  east  of  Denison,  however. 

t  /\ni.  Jour.  Sci.,  April,  1887,  pp.  288,  289. 

X  I  have  always  drawn  the  line  between  the  Esigle  Ford  and  underlying  Dakota  at  the  yellow 
liilicious  baud  on  the  north  bank  of  Iron  Ore  creek  near  Cooks  springs,  at  the  horizon  of  the  asso- 
ciation of  Cyprimera  ertusa^  Meek,  not  Cragin,  and  Exogt^ra  columbella.  Other  species  in  the  Com- 
manche  series  ire  erroneously  called  by  these  names  in  the  Texas  reports.  Cyprimera  er<ia»a  of 
Craffin  as  used  in  the  reports  of  the  Texas  survey  is  not  C.  cra9Ba  of  Meek,  and  the  latter  only 
occurs  in  the  Upper  Cretaceous  and  not  in  the  Comanche  of  Texas.  Mr  Taff  announced  in  his  first 
report  the  **  first  discovery  "  of  Exogyra  columbella  in  Texas  in  the  beds  of  the  Washita  in  central 
Tesas,  although  it  had  been  previously  reported  from  this  Eagle  Ford  horizon  (.see  the  Texas 
section  of  the  North  American  Cretaceous,  Am.  Jour.  Sci.,  October,  1887,  p.  297).  In  his  second 
report  he  apparently  abandons  this  reference,  and  properly  mentions  It  In  the  Eagle  Ford  horizon, 

XLII— Bull.  Gkol.  Soc.  Am.,  Vol.  5, 1893. 
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region  and  a  kind  of  promontory,  the  escarpment  of  which  extends  south- 
ward to  Austin. 

The  foregoing  are  all  the  deposits  laid  down  at  marine  baselevel  in  the 
vicinity  of  the  Preston  section,  Fluviatile  deposits  are  highly  developed 
in  the  valley  of  Red  river,  but  more  will  be  said  of  them  later. 

Review  of  the  Section  topographically. — I^et  us  now  review  the  topo- 
graphic expression  of  the  members  of  this  section.  By  reference  to  the 
serrated  profile  it  will  be  seen  that  it  is  broken  north  and  south  of  Deu- 
ison  by  two  faults  running  parallel  with  the  strike — one,  the  Preston 
fault,  with  a  downthrow  to  the  northward  by  which  the  Dakota  is  brought 
down  to  the  Trinity,  and  the  other,  the  Cooks  spring  fault  of  Taff,  with 
a  downthrow  to  the  south  by  which  the  Eagle  Ford  is  brought  down  to 
the  Dakota.  These  fault  systems  play  a  most  important  part  in  the 
production  of  the  topographic  features  of  the  Denison  section,  for  hy 
them  the  normal  outerops  of  these  rocks  are  doubled,  each  member  in 
the  section  from  Red  river  to  Sherman,  but  not  including  the  Austin 
chalk  at  Sherman,  being  duplicated  on  the  downthrow  of  the  fault  north 
of  the  river.  It  will  also  be  seen  that  each  of  these  rock  sheets  has  its 
peculiar  topographic  expression.  The  outcrop  is  to  the  northwartl  or 
toward  the  mountains  and  the  general  dip  to  the  southward.  Where 
the  strata  are  composed  of  indurated  material — such  as  the  Goodland 
limestone,  the  Duck  creek  chalk,  the  Fort  Worth  limestone  and  the  Main 
street  limestone — escarpments  of  stratification  are  produced,  the  sum- 
mits of  which,  to  the  next  harder  member,  are  usually  composed  of  the 
intervening  softer,  less  indurated  beds,  such  as  the  Walnut  clays,  Kiamitia 
clays.  Marietta  clays,  Paw  Paw  clays,  Eagle  Ford  shales,  and  the  Trinity 
sands.  The  conspicuousness  and  extent  of  these  east-and-west  escarj)- 
ments  is  proportionate  to  the  induration  and  resistance  to  weathering  of 
the  limestone  beds.  The  three  sandy  terranes — the  Trinity,  the  North 
Denison,  and  the  Dakota — outcrop  in  undulating  hilly  areas.  The 
hardest  and  most  persistent  of  the  limestone  scarp-making  members  is 
the  Goodland  limestone,  and  its  escarpments  form  one  of  the  moat  con- 
spicuous features  in  southern  Indian  Territory,  extending  east  and  west 
from  North  Marietta  to  the  near  eastern  edge  of  the  Choctaw  nation. 
The  valley  occupied  by  the  Trinity  sands  and  lying  between  it  and  the 
mountains  is  coextensive  with  tliis  escarpment.  Southward  through 
Texas  the  Goodland  limestone  differentiates  into  the  Comanche  peak 
fiicies ;  that  is,  into  harder  upper  beds  of  Caprina  limestone  and  softer 
basal  members  of  Comanche  peak  chalk  and  Walnut  clays — and  its 
scarp-making  properties  increase  until  they  constitute  most  of  the  miiral 
buttes  and  drainage  divides  of  the  great  central  Texas  region,  as  shown 
in  my  previous  papers. 
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The  Fort  Worth,  Duck  creek  and  Main  street  limestones  of  the 
Washita  division  being  softer  than  the  Goodland,  their  interior-facing 
escarpments  of  stratification  are  less  pronounced,  but  nevertheless  trace- 
able throughout  their  extent  until  these  formations  are  lost  in  the  fault- 
ing south  of  the  Brazos.  The  Austin  chalk  forms  an  escarpment  of 
stratification  even  higher,  but  less  angular  than  the  Goodland  limestone. 
It  does  not  outcrop  eastward  down  the  valley  of  Red  river  as  do  the 
others. 

PARIS  SECTION. 

One  hundred  miles  east  of  Denison  a  parallel  section  will  show  dif- 
ferentiation from  the  features  of  the  Preston  section.  The  Trinity  val- 
ley, the  Goodland  limestone  and  the  Washita  dip  plains  are  seen  in  the 
Choctaw  nation  as  in  the  Chickasaw.  The  Dakota  (Cross  Timber)  hills 
have  disappeared,  however,  and  this  formation  occupies  the  lowest  bluff 
of  the  low  river  valley.  The  Preston  and  the  Cook  springs  fault  have 
passed  southeastward  off  our  map  and  do  not  appear  along  this  line. 
The  Lower  Cretaceous  no  longer  outcrops  south  of  Red  river,  and  the 
Austin  chalk  has  disappeared  entirely  by  faulting,  while  the  latter  beds 
of  the  Upper  Cretaceous  or  Glauconitic  division,  unrepresented  in  the 
Denison  profile,  appear  in  the  southern  portions  of  Fannin,  Lamar  and 
Red  River  counties.  They,  with  the  Eagle  Ford,  constitute  fertile  black 
prairies*  exceedingly  difficult  to  differentiate  from  one  another,  but  never- 
theless distinguishable,  the  latter  occurring  mostly  north  of  the  trans- 
continental branch  of  the  Texas  Pacific  railroad  running  from  Texarkana 
through  Sherman  to  Whitesboro'.  The  structural  dip  plains,  so  con- 
spicuous in  northern  Grayson  county,  no  longer  occur  on  the  Texas  side 
of  Red  river,  and  are  limited  to  the  narrowing  Lower  Cretaceous  prairies 
near  Goodland,t  while  on  the  Texas  side  the  contour  is  a  low  arc  form- 
ing the  divide  of  the  Red  and  the  Sulphur  river. 

Here  the  fluviatile  deposits  have  increased  in  width  to  many  miles 
along  Red  river,  which  here  flows  through  Dakota.  From  Arthurs  bluff 
I  have  made  three  collections  of  the  Dakota  flora,  which  are  now  in 
Columbia  college,  the  National  Museum  and  in  the  state  capitol  of 
Texas. 

The  members  of  the  Glauconitic  division  in  this  section  throw  great 
light  on  the  Upper  Cretaceous  history,  showing  that  the  beds  I  have 

*The  topography  of  the  black  prairies  of  Texns  nnd  their  extent  are  mapped  and  described  in 
niy  report  On  the  Occurrence  of  Underground  Waters  qU:  ,  52d  Cong.,  1st  seas.,  Son.  Doc.  41,  Wanh- 
iDKton,  18.13,  2d  edition. 

fThe  Goodland  prairies  on  this  profile  are  tiie  original  plains  of  the  Kiamishi,  from  which 
Dr  Pitcher  collected  the  famouH  Oi-yphcea  pitcheri  of  Morton  in  1827,  the  first  to  be  deiicribed  of 
what  are  now  known  to  be  Comanche  fo^siIi<,  and  which  has  been  almost  inextricably  confused 
with  others,  the  true  characters  and  spcific  definition  of  which  I  shall  soon  present  in  another 
paper. 
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previously  described  in  southwest  Arkansas  extend  into  Texas.  South 
of  Paris,  as  in  Arkansas,  this  division  consists  of  three  conspicuous 
members.  The  base  is  a  pure  white  chalk  rock,  the  White  Cliffs  chalk 
of  my  Arkansas  section,  but  called  the  Anona  chalk  in  Texas,  accom- 
panied by  beds  of  glauconitic  chalk  or  chalky  glauconite,  which  in  the 
field  we  have  designated  cement  rock,^  Above  this  are  glauconitic  mark 
called  Brownstown  marls  in  Arkansiis  and  Kickapoo  marls  in  Texas, 
which  bear  a  growth  of  hard  wood  ,t  including  Bois  d'Arc.  Finally 
come  the  Glauconitic  sands,  with  the  fauna  of  the  greensand  marls  i»f 
New  Jersey,  but  generally  more  arenaceous.  It  is  not  known  what  hits 
become  of  the  Austin  chalk  in  this  section,  but  my  hypothesis,  backed 
by  some  evidence,  is  that  to  the  southward  it  has  been  faulted  down. 
The  Anona  (White  Cliffs)  chalk  is  an  entirely  distinct  and  higher  bed. 
for  it  is  underlain  by  the  Taylor  (^Exogyra  ponderosd)  marls  which  overlie 
the  Austin  chalk,  and  on  our  next  profile  we  will  see  that  the  Austin 
chalk  reappears  in  its  normal  position  to  the  eastward  in  Arkansas.  The 
Anona  chalk  is  stratigraphically  the  same  as  the  White  Cliffs  chalk  X  of 
my  Arkansas  section,  and  is  analogous  in  position  to  the  upper  white 
chalk  of  England,  while  the  lower  Austin  chalk  is  analogous  to  that 
of  the  lower  chalk  of  that  country.  In  chemical  analysis  they  also 
resemble,  the  upper  having  about  98  per  cent,  of  lime,  the  lower  aver- 
aging about  89.    This  lithologic  coincidence  is  worthy  of  note. 

ULTIMA  THULB  SECTION, 

This  runs  south  from  the  Ouachita  mountain  along  the  Choctaw- 
Arkansas  boundary. 

The  Trinity  still  rests  on  the  upturned  Paleozoic,  but  the  Cretaceous 
formation  ceases  to  predominate,  and  the  estuarine  and  Pleistocene 
fluviatile  deposits  now  constitute  the  chief  surface  features.  The  Good- 
land  limestone  ceases  to  form  the  prairie  divides  and  descends  into  the 
lowest  flood  plain  of  Little  river,  covered  by  later  deposits,  and  does  not 
a])pear  again  to  the  eastward.  The  Washita  beds  form  the  higher  bluffn 
of  the  south  bank  of  the  stream,  and  likewise  dip  beneath  its  level  a  few 
miles  east  of  the  profile.  The  Dakota  also  disappears  still  eastward,  at 
Morris  ferry. 

The  divides  along  this  profile  are  flat  plains — veritable  mesas — capped 
by  one  of  the  greatest  deposits  of  stratified  gravel  and  bowlders  in  our 
country,  the  probable  continuation  of  the  late  Neocene  deposit  so  ably 

*Thi8  consists  of  a  chalky  matrix  specked  with  mi/iute  grains  of  glauconite. 

fThiu  is  the  only  marly  terrane  in  the  entire  rango  of  Cretaceous  formations  in  Texas  whicli »» 
covered  hy  arborescent  vegetation. 

Jin  November,  1892,  the  writer  found  a  single  specimen  resembling  Ananchytet  ovata  in  this 
chalk  at  Wiiite  Cliffs.  It  was  impossible  for  Professor  W.  B.  Clark  to  insert  it  in  hia  publicfttioQ 
on  Mesozoic  Echiuodermut^i,  as  it  had  gone  to  press. 
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describeil  by  McGee  as  the  Appomattox  or  Lafayette  formation,  and 
which  is  the  Plateau  gravel  of  my  Arkansas  report.  This  caps  the  Little 
and  Red  river  divide  and  that  of  Red  and  Sulphur  river,  and  is  sur- 
rounded on  all  sides  by  the  later  second  bottom  valleys  of  the  drainage 
system. 

Tlie  recent  and  Pleistocene  valleys  of  Red  river,  or  ^'  bottoms  '•  and 
''  second  bottoms,"  as  they  are  called,  have  widened  to  great  proportions 
along  this  section,  and  their  phenomena  alone  would  occupy  many  pages 
of  description.  They  extend  from  twelve  to  fifteen  miles  on  each  side  of 
the  river,  arid  the  river  itself  begins  to  assume  that  serpentine  meandering 
which  characterizes  the  retarded  drainage  of  the  low  Mississippi  embay- 
nient.  The  baselevel*  deposits  of  this  region  are :  (a)  Present  deposition 
at  times  of  overflow;  ib)  ancient  or  second  bottom  deposits,  occurring 
about  100  feet  and  higher  above  the  level  of  present  high  water ;  (c) 
swampy  lacustral  or  marsh  deposits  upon  the  higher  slopes  making  the 
prairie  at  New  Boston,  Prairie  d'Ane,  etcetera ;  (d)  the  older  Plateau 
gravel  constituting  the  divides. 

Beneath  this  veil  of  post-Tertiary  estuarine  deposits  two  views  of  the 
underlying  floor  of  Upper  Cretaceous  marine  sediments  are  obtained 
through  erosion.  In  Little  River  county,  Arkansas,  the  Austin  chalk  is 
exposed  at  Rocky  Comfort — so  named  because  it  is  probably  the  only 
dry  8ix)t  in  that  county  of  overflow  and  backwater.  About  fifteen  miles 
southward,  in  Bowie  county,  Texas,  at  the  Freise  place,  the  Greensand 
beds  of  the  Glauconitic  division  are  exposed. 

Near  the  summit  of  the  divide  of  Sulphur  and  Red  river,  close  by  the 
old  abandoned  town  of  Boston,  the  typical  laminated  clays  and  sands  of 
the  Eocene-Tertiary  appear  beneath  the  Plateau  gravel,  which  forms  the 
cap,  and  are  exposed  fi'om  thence  southward  in  the  Sulphur  river  slopes 
and  bottoms. 

ANTOINE  SECTION. 

This  is  in  Arkansas,  60  miles  east  of  the  Choctaw  line.  The  Trinity 
valley  and  sand  still  follow  the  mountain  foot.  The  upper  limestone  or 
Glen  Rose  member  of  the  Trinity,  which  has  been  missing  westward  from 
the  Trinity  river  in  Texas,  reappears  in  a  small  area,  but  the  Fredericks- 
burg, Washita,  Dakota  and  Austin  beds  have  been  completely  overlapped 
by  later  deposits.  The  Glauconitic  outcrops  in  patches  beneath  the 
Eocene  overlap,  and  the  Plateau  gravel  still  spreads  its  mantle  over  all 
the  uplands  except  where  cut  through  by  the  ever  increasing  second 
bottoms.  The  Eocene  begins  to  appear  north  of  Little  river  from  Nash- 
ville to  Arkadelphia,  approaching  nearer  and  nearer  the  ancient  moun- 
tain shore.  A  few  miles  east  of  this  section,  near  Arkadelphia,  the  Glau- 
conitic completely  overlaps  the  Trinity  and  abuts  against  the  upturned 
mountains. 


^ 
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ROCK  PORT  SECTION. 

Still  eastward  the  Glauconitic  is  overlapped,  and  we  find  the  Eocene 
covering  all,  the  Tertiary  restinj;  directly  upon  the  upturned  mountain 
floor  at  old  Rockport,  near  Malvern. 

Extent  and  topographic  Expression  op  the  Terranks. 

The  basement  Trinity  sands  indicate  the  most  important  epoch  in  a/. 
post-Paleozoic  history,  and,  like  the  movement  at  the  close  of  the  Car- 
boniferous, may  be  said  to  be  one  of  the  grand  criterial  events  of  oar 
whole  geologic  history.  It  represents  the  baseleveling  and  invasion  of 
the  Texas-Mexican  region  by  the  Atlantic,  and  is  the  most  marked  un- 
conformity in  the  Texas  region.  The  sands  are  deposited  in  southern 
Indian  Territory  directly  upon  the  previously  baseleveled  floor  of  the 


FitiiRB  l.—  Vertical  Structure  of  Paieozoic  roeka  underlying  Prairie  trest  ofArdmore, 

Paleozoic  rocks  of  the  southern  border  of  the  Ouachita  mountain  system, 
as  shown  in  the  Arkansiis  sections.  The  planing  of  these  Paleozoic 
folds,  upon  which  the  Trinity  sands  are  deposited,  took  place  largely  by 
land  erosion  before  their  deposition,  for  in  the  Chickasaw  nation,  west 
of  Ardmore,  similar  biiseleveling  is  now  going  on,  and  the  level  prairie  is 
composed  of  the  same  vertical,  planed-off  Paleozoic  structure  as  that 
buried  beneath  the  Trinity  sands  in  Arkansas,  as  shown  in  the  profiles. 

Thi»se  sands  in  Indian  Territory  and  Arkans;is  now  outcrop  in  a  tle- 
nuded  valley  of  stnititication,  as  di:>tinguished  from  a  nonnal  drainage 
valley  ;  that  is,  a  valley  is  formoil  by  the  southward  receding  from  the 
mountains  of  the  escarpment  of  the  (loodland  limestone  of  the  Freder- 
icksburg division.  This  valley  results  from  the  interception  of  the 
headwater  ramitications  of  the  seaMidary  branches  of  the  main  drainage 
channels. 

West  of  Marietta,  C'hickas:iw  nation,  tlie  strike  of  the  whole  Cretaceous 
svstem  turns  directlv  southward  throuirh  Texa^.    The  under! vin:r  floor 
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rocks  change  in  various  j>lace3  from  Carboniferous  to  Silurian  or  to  Red 
be<ls,  in  accordance  with  the  diverse  areal  geology  of  the  land  during  the 
time  of  their  deposition;  but  these  rocks  were  entirely  buried  in  central 
Texas  beneath  the  Cretaceous,  whose  western  shoreline  extended  to  the 
nucleal  Rocky  mountain  region. 

To  the  southward,  in  the  vicinity  of  the  Brazos,  the  Trinity  limestone 
terrane  (the  (lien  Rose  beds)  begins  to  outcrop  (see  vertical  sections  on 
}>late  13),  separating  tlie  sands  into  an  overlying  and  underlying  forma- 
tion. These  limestones  increase  in  thickjiess  southward  until  they  are 
nearly  500  feet  at  the  Colorado  river.  The  reappearance  of  this  intercala- 
tion of  the  limestone  members  of  the  Glen  Rose  beds  in  a  small  area  in 
Arkansas  near  Murfreesboro  is  peculiar. 

The  Goodland  limestone  everywhere  west  of  Arkansas  forms  an  escarp- 
ment overlooking  interiorward  the  lower  Trinity  division.  South  of  the 
Brazos  it  thickens  into  the  tripartite  formations  of  the  Fredericksburg 
division,  but  its  scarps  of  indurated  limestone  continue  to  be  the  forma- 
tive factor  in  determining  the  topography  of  the  Texas  region.  As  it  is 
tlie  stratum  of  greatest  resistance,  it  expresses  itself  in  escarpments  of 
di|)-plains,  mesas  and  buttes. 

The  Kiamitia  clays,  which  are  a  type  of  the  marly  clay  members  of 
the  Comanche  series,  are  expressed  in  the  topography  as  blackland 
prairies,  limited  coastward  by  the  scarp  lines  of  the  harder  and  more 
resisting  Duck  Creek  and  Fort  Worth  beds. 

The  Dakota  or  Lower  Cross  Timber  sands  participates  in  this  east-and- 
west  strike  throughout  Indian  Territory  and  northern  Texas  and  the 
southern  deflection  through  the  latter  state.  Its  narrow  outcrop  sur- 
mounts the  prairies  as  low,  rounded,  timbered  iron  ore  hills.  Its  strike  is 
split  longitudinally  into  two  belts  by  the  faulting  described.  The  half 
north  of  Red  river  thus  split  off  caps  the  hills  south  of  fort  Washita  and  ex- 
tends eastward  to  the  Missouri,  Kansas  and  Texas  railroad.  The  southern 
half  of  the  ribbon  of  outcrop  constitutes  the  hills  south  of  Denison. 
Their  line  of  eastward  strike  is  cut  into  by  Red  river  near  the  eastern 
border  of  Grayson  county,  and  that  stream  virtually  flows  in  these  beds 
as  far  east  as  Pine  blufi"  at  the  northeast  corner  of  Lamar  county,  where 
the  river  first  deflects  northward  upon  the  Washita  division  and  then 
southward  into  later  deposits.  Near  Pine  bluff"  the  Dakota,  with  its  east- 
and-west  strike,  crosses  into  Indian  TerriU^ry  and  finally  disappears  under 
the  bed  of  Little  river  at  Morris  ferry,  which  is  about  10  miles  east  of  the 
Choctaw  line.  This  formation  was  undoubtedly  laid  down  at  marine  level, 
and  is  not  of  lacustral  origin,  as  argued  in  the  correlation  papers  of  the 
Tnited  States  Geological  Survey,*  for  I  found  at  Pine  bluft*  Ammonitida; 

♦Bull.  U.  S.  <ieol.  Survey,  no.  82,  pp.  122  et  seq. 
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counties,  thus  adding  to  the  difficulty  of  differentiating  the  unconsoli- 
dated clay  formations  in  a  prairie  country  covered  by  a  thick  residua] 
soil,  but  wherever  the  chalky  rocks  occur  they  again  become  evident. 
As  we  go  westward,  however,  into  Grayson  county,  where  the  more  con- 
solidated beds  enter  into  the  structure,  the  faults  become  tangible  and 
play  a  potential  part  in  the  topographic  features,  as  explained  on  a 
previous  page.  Still  north  in  the  Chickasaw  Nation,  near  Carriage 
point,  intense  faulting  with  the  same  northwest  strike  can  be  seen  in  the 
Eagle  Ford  prairies. 

Mr  Taff"  has  recently  described  an  important  fault  (the  Cooks  springs 
fault)  south  of  Red  river  and  parallel  to  the  Preston  fault,  in  which, 
however,  the  downthrow  is  reversed,  being  to  the  southwestward. 

Near  Roxton  and  Ladonia,  in  the  southeast  corner  of  Lamar  county, 
the  northwest  and  southeast  faults  (presumably  of  the  Red  river  system) 
are  visible. 

Between  Clarksville  and  Anona,  in  Red  River  county,  the  northeast 
and  southwest  faulting  is  seen  in  the  upper  chalk  of  the  Glauconitic 
division.  In  the  line  of  the  great  Balcones  system  it  will  be  seen  by 
projecting  the  strike  of  these  two  fault  systems  upon  the  map  of  Texas 
that  the  small  county  of  Rockwell  lies  very  near  to  where  they  enws 
each  other.  This  county  takes  its  name  from  a  peculiar  sandstone  dike, 
previously  described,  which  projects  through  the  clays  near  the  base  of 
the  Glauconitic  division.  The  southejvstern  or  Red  river  system  of  fault- 
ing will  explain  the  remarkable  change  of  strike  which  takes  place  at  the 
west  end  of  our  map.  In  the  Cliickasaw  nation  and  northwest  Grayson 
county  a  kind  of  wedge  is  formed  by  the  opposite  downthrows  of  the 
Preston  and  the  Cooks  springs  fault,  which  projects  northwestward  into 
an  angular  ridge.  Probably  several  faults  of  this  whole  system  have  not 
been  exactly  located,  for  all  of  the  Chickasaw  nation  north  of  Red  river 
has  certainly  dropped  far  below  the  level  of  the  opposite  country  in 
Grayson  county,  Texas.  The  age  of  this  faulting  is  not  clear,  but  it  could 
not  have  been  much  earlier  than  the  time  of  the  Plateau  gravel,  probably 
during  the  Neocene. 

Variation  op  Sedimentation  away  from  the  Ouachita  Shoreline. 

The  various  beds  of  the  whole  section  do  not  all  strike  away  from  the 
Ouachita  shoreline  in  the  same  direction  over  the  Texas  region.  The 
second  bottoming  occurs  in  all  the  rivers  southward  at  least  as  far  as  the 
Colorado,  probably  beyond,  and  extends  farther  inland  in  places  than 
the  Plateau  gravel.  The  Plateau  gravel  shoreline,  as  I  have  previously 
published,  continues  to  occupy  the  divides  as  far  southwest  as  Austin, 
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where  it  reaches  the  foot  of  the  escarpment  of  the  Balcones  fault,  against 
which  it  w;is  deposited,  and  follows  it  from  thence  indefinitely  south- 
westward  toward  the  Rio  Grande.  The  Eocene  strikes  southward  along 
the  line  which  I  have  previously  indicated  upon  the  maps,  but  at  no 
I)lace  south  of  Malvern  do  I  know  that  the  denuded  outcrop  now  touches 
the  original  shore  as  far  inland  as  it  formerly  extended,  and  one  of  the 
great  unstudied  problems  in  Texas  is  the  interpretation  of  this  former 
interior  extent  of  the  Eocene  beds. 

The  beds  of  the  Glauconitic  division  strike  more  southward  than  do 
those  of  the  Eocene  from  their  last  outcrop  in  northeastern  Texas,  and 
are  completely  overlapped  by  the  latter,  except  in  the  Red  river  coun- 
ties. Far  coastward  in  the  Eocene  area — in  Anderson,  Smith  and  other 
counties  of  Texas,  and  also  in  Tx)uisiana,  where  the  Tertiary  has  been 
eroded  away,  these  beds  are  revealed  occasionally,  as  shown  by  Hilgard, 
Johnson  and  I^erch,  in  small  spots,  which  are  sometimes  spoken  of  as 
"  Cretaceous  islands,"  In  fact,  the  Glauconitic  beds  of  Arkansas  are  all 
inliers  in  the  Tertiary  area.*  These  outcrops  are  sufficient  to  demon- 
strate that  the  Glauconitic  beds  underlie  a  large  part  of  the  east  Texas 
Tertiary  surface  sheets. 

These  profiles  have  an  important  bearing  upon  the  question  frequently 
asked  the  writer — Why  has  the  great  calcareous  portion  of  the  Lower 
Cretaceous  so  well  represented  in  the  Texas  region  no  representation  in 
the  North  Atlantic  or  New  Jersey  area?  The  sedimentary  conditions  of 
the  last  named  region  do  occur  in  Arkansas  and  may  be  traced  southward 
to  Arkadelphia.  Stated  briefly,  they  consist  of  numerous  thin,  unindu- 
rated,  mostly  ferruginous  terranes  of  basal  Lower  Cretaceous  (Potomac), 
Upper  Cretaceous  (Glauconitic),  Eocene  and  later  littoral  deposits.  In  the 
profiles  given  it  will  be  seen  that  the  deeper  water  or  limestone  beds  ap- 
pear to  the  westward  in  greater  proportion  as  the  land  stripping  has  pro- 
gressed, and  are  Qoncealed  eastward  by  the  successive  overlapping  more 
and  more  toward  the  interior  of  the  newer  and  diSerently  striking  shore 
deposits.  The  off-shore  limestone  deposits  of  the  Cretaceous,  if  they  exist 
in  the  New  Jersey  area,  would  only  occur  in  that  portion  of  the  crust 
now  beneath  the  ocean.  In  the  Arkansas  region  the  area  of  littoral  depo- 
sition was  constantly  repeated,  owing  to  the  mountainous  barrier.  In 
Texas  south  of  Red  river  these  shorelines  had  wider  room  for  sweeping 
and  differential  overlapping. 

The  beds  of  the  Lower  Cretaceous  have  a  slightly  different  strike 
away  from  the  Ouachita  shoreline  than  those  of  the  Upper  Cretaceous. 
The  individual  beds  also  vary  in  like  composition  and  sedirnental 
characters  away  from  the  Ouachita  shore. 

*Thi(i  fuct  was  not  appreciated  by  the  writer  at  the  time  when  his  Arkaosas  report  was  written. 
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WASHITA  DIVISION  OF  THE  COMANCHE  SERIES. 

Relation  to  other  Dwisions, — As  an  example  of  this  differentiation  away 
from  this  shoreline  let  us  take  the  heds  of  the  Washita  division  of  the 
Comanche  series.  The  Washita  division  is  the  uppennost  of  the  three 
grand  divisions  of  the  Comanche  series,  and  is  essentially  composed  of 
the  shallowing  beds  which  followed  the  culmination  of  the  great  subiji- 
dence  during  the  Comanche  time,  as  represented  in  the  chalkier  beds  of 
the  Fredericksburjg  division.  The  term  "division,"  which  has  the 
equivalency  of  the  word  "  group  "  as  used  by  Dr  White  for  the  Upper 
Cretaceous,  was  first  applied  by  me  *  to  the  beds  of  the  Comanche  series 
for  the  purpose  of  conveniently  grouping  them  until  their  subdivisions^ 
could  be  more  minutely  studied  and  classified.  Fossils  from  beds  which 
are  now  recognized  as  the  upper  portion  of  the  Comanche  series  had 
been  originally  collected  in  the  vicinity  of  fort  Washita,  in  Indian  Terri- 
tory and  in  northern  Texas  by  Dr  G.  G.  Shumard  f  and  Professor  Jules 
MarcoUjJ  and  Dr  B.  F.  Shumard  had  named  certain  of  these  beds  the 
Washita  limestone  ;§  hence  the  upper  division  was  called  the  Washita 
division,  and  in  a  similar  manner,  from  the  fact  that  the  fossils  described 
by  Dr  Koemer  from  Fredericksburg.  Texas,  and  by  Dr  Shumard  from 
Comanche  peak  were  discovered  to  belong  to  beds  of  the  middle  division, 
the  lower  part  of  the  series  has  been  called  the  Fredericksburg  or  Co- 
manche peak  division. 

In  my  earlier  writings  the  Trinity  division,  including  the  Trinity 
sands  and  the  great  development  of  alternating  lime  beds  of  the  Glen 
Rose,  was  not  separated  from  the  Fredericksburg  division,  nor  had  these 
lower  beds  been  recognized  or  intimated  by  previous  writers.  A  fuller 
definition  of  the  Trinity  division  has  recently  been  published  by  the 
writer. 1 1 

The  necessity  for  this  arrangement  into  divisions  will  be  furthermore 
appreciated  l)y  the  accompanying  table,  w'hich  shows  the  progressive 
evolution  of  know^ledge  concerning  the  Cretaceous  formations  of  Texas, 
and  is  my  final  classification  of  their  succession  and  nomenclature. 
Some  of  the  beds  may  be  subdivided  again  in  the  future. 

The  Fredericksburg  culminates  everywhere  throughout  its  extent  in 
very  chalky  limestones  w^hich,  in  central  Texas,  have  been  denominated 
Caprina  limestone  and  the  Comanche  peak  beds  by  Sliumard  ;^|  and  its 
northern  attenuated  portion  in  Indian  Territory  and  northern  Texas 

♦Am.  Jour.  Soi.,  April.  1887. 

t  Exploration  of  the  Red  river  of  Lonisiana,  em,  1852. 

t  Geology  of  North  America  and  other  works. 

e  Trans.  St.  Louis  Acad.  Sci..  vol.  i,  1860,  p.  58G. 

H  Proc.  of  the  Biological  Soc.  of  Washington,  Jane,  1893. 

%  Trans.  St.  Louis  Acad,  of  Sci.,  1800. 
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has  hec^i  called  the  Goodland  limestone  by  the  writer.  The  limestones 
represent  the  deepest  ocean  sedimentation  of  the  Comanche  8ub-ei>och 
and  the  culmination  of  the  subsidence  during  this  time.  They  are 
overlain  by  laminated  calcareous  clays  and  alternations  of  stratified 
limestones,  indicating  that  it  was  followed  by  shallowing  conditions 
which  continue  upward  to  the  top  of  the  Washita  division.  These 
shallowing  beds  (the  Kiamitia  clays)  overlying  the  Caprina  lime- 
stone constitute  the  beginning  of  the  Washita  division  * 

Extent  of  the  Washita. — The 
extent  of  the  beds  of  the 
Washita  division  north  of  Red 
river  is  shown  upon  the  map. 
They  commence  exactly  upon 
the  boundary  line  of  Choctaw 
nation  and  ]  Arkansas,  where 
Little  river  crosses  the  line. 
Two  or  three  miles  westward 
they  occur  as  small  spots  of 
prairie  in  that  densely  forested 
region.  These  prairies  of  the 
Washita  increase  in  area  to  the 
westward  in  southern  Indian 
Territory  until,  north  of  Deni- 
son  and  Gainesville,  Texas, 
they  are  the  prevailing  topog- 
raphic feature.  They  then  turn 
southward  through  Texas  and 
extend  to  the  San  Gabriel,  near 
the  Colorado,  constituting  a 
large  part  of  the  prairie  regions 
(the  Fort  Worth  prairie)  f  of 
Cook,  Denton,  Wise  Tarrant, 
Johnson,  Bosque  and  William- 
son counties.  Southwestward, 
from  the  San  Gabriel  to  the 
trans-Pecos  jnountains,  the  Washita  beds  do  not  constitute  extensive 
areal  outcrops  owing  to  the  great  Balcones  fault,  which  has  cut  them  off 

•  In  my  preliminary  annotnted  check-list  of  the  Cretaceous  invertebrate  fossils  of  Texas  I  in- 
cluded the  upper  Cftprotina  limestone  bods  of  the  Austin  section  in  the  Washita  diTibion,  but  am 
convinced,  after  fuller  study  of  these  beds,  that  they  more  properly  belong  to  the  Caprina  lime- 
stones and  should  be  placed  in  the  Fredericksburg  division. 

t  Described  in  various  earlier  papers  and  amplified  in  my  Report  on  Occurrence  of  Underground 
Waters,  et  cetera. 


Fkjube  2.  —Strueturat  Detail  of  the  Washita  Division 
at  Austin^  Texas. 
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in  that  region.     They  appear  in  the  Cordilleran  region  of  trans-Pecos, 
Texas,  and  Mexico,  as  I  have  previously  shown. 

COMPARISON  OF  THE  A  USTIN  AND  DENJSON  SECTIONS, 

AvMin  Sectum, — In  order  to  understand  the  variation  of  the  Washita 

division  seven  typical  sections,  at  widely  distributed  localities,  are  shown 

upon  plate  13.     As  a  basis  of  comparison  with  the  Red  river  section 

there  may  be  taken  the  Austin  section,  which  is  as  follows : 

'  Shoal  creek  limestone. 
Exogyra  arietina  beds. 


Washita  division 


fKingena  wa^oemns  bed. 
Or 


Fort  Worth  limestone  -j  Grifphtea  pitcheri  bed. 

(old  usage)  {  Fort  Worth  limestone  proper. 


Here  the  beds  of  the  Washita  division  constitute  the  three  simple,  con- 
spicuous lithologic  and  paleontologic  members;  the  lowest  of  them  are 
alternations  of  slightly  arenaceous  limestones  and  chalky,  laminated 
marls  occurring  in  alternations  and  marked  by  a  conspicuous  molluscan 
fauna,  to  be  enumerated  later.  Succeeding  this  lower  limestone  group 
is  a  great  bed  of  unctuous  green  clay  some  80  feet  in  thickness.  This 
clay  is  in  turn  succeeded  by  a  peculiar  limestone,  to  which  I  have  given 
the  name  Shoal  creek  limestone. 

Shoal  Creek  Limestone. — This  has  its  characteristic  exposure,  north  of 
the  Colorado,  in  the  beautiful  scarps  of  Shoal  creek,  in  the  city  of  Austin 
and  in  the  blufis  on  the  south  side  of  the  river,  where  Bouldins  creek 
enters  the  valley,  at  the  crossing  of  the  International  railroad  and  the 
Oatmanville  road.  It  forms  precipitous  cliffs,  with  toppling  abutments? 
owing  to  its  jointed  structure  and  the  undermining  of  the  clays  beneath, 
and  is  the  principal  scenic  feature  of  Pease  park  in  Austin. 

Its  outcrop  is  whitish  yellow,  with  blotches  of  pale  pink,  as  if  it  had 
been  subjected  to  fire,  and  is  much  darker  in  exterior  color  than  the 
other  limestone  strata  of  the  Colorado  section.  In  places  it  is  very 
hard,  but  of  varying  texture;  sometimes  soft  and  efflorescent  in  spots, 
the  rocks  decaying  into  a  sofl,  pulverulent  material  with  slightly  saline 
taste. 

The  red  and  pink  blotches  in  this  limestone  are  peculiar,  and  have 
given  to  it  the  local  name  of  "  burnt  limestone."  The  writer  once  sus- 
pected that  these  spots  were  derived  from  the  oxidation  of  intrusive  or 
interbedded  igneous  material,  like  that  found  in  certain  portions  of  the 
adjacent  Austin  chalk;*  but  recent  microscopic  study  has  revealed  the 
fact  that  the  limestone  is  made  up  largely  of  foraminifera,  filled  and 
coated  with  a  mineral  which  in  all  probability  is  glauconite,  but  in  such 
small  quantities  that  its  oxidation  only  results  in  faint  discoloration. 

*  Pilot  Knob -A  Marine  CretAceous  Volcano:  American  Geologist,  November,  189i),  and  Pre* 
llminary  Check-List  of  Invertebrate  CretAceou»  Fos.sils,  pp.  xxiii,  xxiv. 
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Exteriorly  the  stone  looks  very  unpropitioua  for  foraminiferal  remains, 
but,  80  far  as  examined,  it  is  more  largely  composed  of  them  than  any 
rock  I  have  seen  in  the  whole  series.  It  is  an  altered  chalk.  In  one 
thin  slice  I  have  recognized  definitely  Rotalia^  Textularia  and  fragment 
of  three  or  four  more  genera  of  foraminifera. 

The  outcrop  of  this  formation  is  proportionately  very  limited,  being 
better  displayed  at  Austin  than  at  any  other  locality  where  I  have  seen 
it.  North  of  the  Colorado  it  disappears  by  faulting  until  the  San  Gabriel 
is  reached,  near  Round  Rock,  in  Williamson  county.  It  outcrops  north- 
ward, according  to  Taff,  at  various  points,  constantly  thinning  until  it 
finally  disappears  near  Bosqueville,  McLennan  county,  "  where  it  is  only 
two  feet  thick."  North  of  the  Brazos  it  has  disappeared  entirely,  and 
its  place  in  the  columnar  section  is  taken  by  the  Dakota  (Lower  Cross 
Timber)  beds,  which  do  not  occur  south  of  the  Brazos,  but  thicken  north- 
ward from  that  stream,  just  as  the  Shoal  creek  limestone  thickens  south- 
ward. 

The  Third  Annual  Report  of  the  Texas  Geological  Survey  definitely 
stated  that  this  bed  do&s  not  appear  north  of  the  Brazos ;  *  but  in  the 
Fourth  Annual  Report  an  entirely  different  bed,t  the  Main  street  lime- 
stone of  this  paper,  north  of  the  Brazos,  has  been  called  the  Shoal  creek 
(Vola)  limestone,  thereby  adding  confusion  to  the  subject.  A  careful 
perusal  and  comparison  of  the  two  Texas  reports  will  show  that  no 
paleontologic  and  stratigraphic  proof  is  offered  in  the  last  paper  men- 
tioned for  extending  the  Shoal  creek  limestone  north  of  the  Colorado. 
Neither  is  there  any  justification  for  placing  the  Shoal  creek  (Vola)  lime- 
stone in  the  Kemp  section  of  trans-Pecos,!  Texas.  It  has  been  noted 
southward  of  Austin  by  the  Texas  Survey. 

The  Shoal  creek  limestone  rests  abruptly,  without  gradation,  upon  the 
Exogyra  arietina  clays  wherever  I  have  observed  it  At  Austin  it  is  sur- 
mounted unconformably  by  the  Pish  beds — a  greatly  attenuated  southern 
extension  of  a  persistent  horizon  of  the  upper  part  of  the  Eagle  Ford 
shales — and  at  one  place  (the  foot  of  Pecan  street)  by  the  Austin  chalk 
(Niobrara),  showing-a  clear  unconformity  between  them. 

The  abrupt  manner  in  which  the  Shoal  creek  limestone  succeeds  the 
Exogyra  arietina  clays  at  Austin  and  the  marked  faunal  difference  be- 
tween them  is  indicative  of  a  sudden  physical  change  in  sedimentation, 
and,  were  it  not  that  there  is  a  more  marked  unconformity  between 
the  Shoal  creek  and  the  overlying  Benton  beds,  I  would  be  inclined  to 
place  the  former  in  the  Upper  Cretaceous  series  rather  than  in  the  Lower, 
although,  paleontologically,  it  differs  from  both. 

*  Fou)*th  Annual  Report  Qeological  Survey  of  TexAS,  1893,  pp.  277,  et  seq, 
t  Third  Annual  Report  Geological  Survey  of  Texas,  1802,  pp.  S48, 349. 
X  American  Geologist,  December,  1892. 
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The  moUuscan  species  found  in  the  Shoal  creek  limestone  are  sparsely 
distributed  and  not  abundant.  During  two  years'  residence  in  Austin 
my  wife  and  myself  collected  the  following  species,  all  but  three  of  which 
are  new :  * 

RoUdia  sp.  Homomya,  6p.  no  v. 

Textularia  sp.  •  Panopiea^  sp.  nov. 

Three  genera  of  corals,  unstudied.  TurrUdlay  sp.  nov. 

Ifemiagter  calvanit  Clark.  Glohieonchay  sp.  nov. 
Al^ririfoniayprobahly  (filuri ami  of  Limmrck.    Fauns,  sp.  nov. 

Exogyra^  sp.  nov.  A^hchura{l)y  sp.  nov. 

V(Aa  roemeriy  Hill.  Pterocera  shumardiy  Hill. 

Pintia,  sp.  nov.         '  Ceritfiium  (?),  sp.  nov. 

SpondylitSy  sp.  nov.  TrochuSy  sp.  nov. 

Oirdhim,  sp.  nov.  Naulilwi,  sp.  nov. 

IViiiw,  sp.  nov.  HopliteSy  sp.  nov. 

These  species  collectively  represent  ah  entirely  new  fauna  in  the 
American  Cretaceous.  Its  corals  have  UQt  been  found  either  in  the  beds 
above  or  below;  its  echinodermata,  especially  the  genus  Hemlasterj  are 
found  only  in  the  upper  series  and  not  in  the  underlying  Comanche.  It 
contains  one  alectryonate  oyster  provisionally  referred  to  0.  dlluvina, 
which  is  found  in  the  Comanche  beneath,  and  one  form  which  is  clearly 
an  antecedent  form  of  the  Exogi/ra  costata  group  of  Upper  Cretaceous 
beds.  It  contains  none  of  the  Grypheate  oysters  or  other  mollusca  which 
characterize  the  Comanche.  It  has  no  Inocerami  which  specially  mark 
the  Upper  Cretaceous,  and  none  of  the  Rudistae  of  the  Ijower.  In  fact,  it 
is  a  unique  fauna,  and  represents  south  of  the  Brazos  either  deep-water 
beds  corresponding  to  the  shallow  Dakota  north  of  that  jiver  or  the  time 
represented  by  a  land  hiatus  which  immediately  preceded  the  latter 
epoch.  As  it  also  lies  above  beds  which  can  with  safety  be  called  Gault 
and  below  beds  (Benton  and  Niobrara)  which  are  Turonian,  this  would 
I)robably  place  it  near  Cenomanian  time. 

Exogyra  arletina  Beds. — These  bedsf  form  a  deposit  of  laminated  green- 
ish blue  clay  some  eighty  feet  in  thickness  at  Austin,  where  it  has  its 
typical  occurrence.  This  clay  outcrops  immediately  beneath  the  Shoal 
creek  limestone  coincident  with  its  extent  and  rests  upon  the  uppermost 
band  of  the  underlying  limestone  group — a  paleontologic  horizon  which 
I  shall  designate  as  the  Klngena  (^Terebratula)  wacoensiaX  bed. 

•The  (lescripfcione  of  this  faiiaAvrill  be  published  as  nearly  Bimultaneously  with  this  paper  as 
poHBible.  The  type  specimens  are  in  the  Museum  of  Johns  Hopkins  University,  and  are  being 
studied  by  Professor  W.  B.  Clark. 

t Originally  defined  by  Shumard.    Trans.  Acad.  Sci.,  St.  Louis,  vol.  1,  pp.  684, 586. 

; There  are  but  two  braohiopod  forms  in  the  Comanche,  both  of  which  have  been  examined  by 
Mr  Charles  Schachert,  who  reports  that  they  belong  to  the  genus  Kingena^  liltherto  not  reported 
in  America.  Each  of  these  occurtf  in  two  well  defined  stratigraphic  horizons— the  one  here  defined, 
and  the  other  in  the  Duck  creek  beds  of  Denison. 

XLIV— BvLL.  Okol.  8oc.  Am.,  Vol.  5,'1803. 
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About  midway  on  the  vertical  extent  of  the  clays,  fossils  of  the 
peculiar  Exogyra  arietina  of  Roemer  occur  in  the  greatest  abundance, 
weathering  out  individually  and  in  perfect  preservation.  To  these  sheik 
especially  the  umbonal  region,  are  attached  small  cubes  of  pyrite,  which 
quickly  decompose,  coating  the  shells  with  a  thin  layer  of  brown  hema- 
tite and  probably  converting  the  lime  into  numerous  intercalated  seams 
of  fibrous  selenite,  which  abounds  in  the  vicinity  of  the  shell  horizon. 
Sometimes  the  shells  are  cemented  into  thin  indurations  of  argillaceou.s 
limestone,  which  at  places  makes  a  persistent  band  in  the  middle  of 
the  clay  bed. 

Above  the  zone  of  Exogyra  arietina  the  clays  are  again  somewhat 
barren  until  near  their  summit,  where  they  become  slightly  arenaceous 
and  contain  impure  limestone  slabs  bearing  other  fossils,  most  of  which 
also  occur  in  the  upper  layers  of  the  limestone  beds  underlying  the 
E,  arietina  clays.  The  E.  arietina  beds  terminate  upward  with  a  horizon 
of  Grypheate  oysters,  which  ha§  been  called  ^^ Gryphasa  pilcheri,^'  Roemer. 
'*G.  naviay*'  and  **(?.  pitcheri,  var.  navia^^  in  the  writings  of  Roemer. 
Shumard,  White,  the  writer,  and  in  all  the  reports  of  the  Texas  Survey. 
This  Gryphffia  is  none  of  them,  however,  but  an  entirely  distinct  species — 
tlie  Gryphxa  miicronala  of  Gabb* — and  I  shall  hereafter  so  designate 
it.  Oryphaea  mucronata  is  an  especially  characteristic  fossil  of  the  Exo- 
gyra arietina  beds,  and  I  have  found  it  in  no  other  horizon.  The  lower 
surface  of  the  overlying  Shoal  creek  limestone,  which  was  deposited  upon 
the  G,  miicronata  beds,  is  sometimes  undercoated  with  this  species  (as 
has  been  noted  by  Taff),t  but  it  clearly  belongs  with  the  clay  beds. 

The  fauna  and.  flora  found  in  the  Exogyra  arietina  beds  at  Austin  is  as 
follows : 

An  undescribed  endogenous  plant  re-  Lima  sp.  (h). 

sembling  Equisetmn  (b).t  PlicaiuUx  sp.  (ft). 

Kingena  wacoensis,  Roemer  (6)  {d)  (/).  St^arnm  robbirufif  White  (b)  (cf). 

Dlplopodia  Uxanum,  Roemer  («).  ProtocardUi  iexaruty  Conrad  (/>). 

Exogyra  arietina^  Roemer  (a).  Pactiyina  ausAinemk^  Shumard  (//). 

Gry}yhseamn4^ronaUiGfihh  (G,  pitcheri^  var.  Detitalium  sp. 

navM  of  various  writers)  (c).  TurriMa  sp.  (b). 
Neithea  texana^  Roemer  {b).       . 

Paleontologically  the  Exogyra  arietina  beds  at  Austin  are  limited  at 
the  top  by  the  zones  of  Gryphxa  mucronata,  Gabb,  and  below  by  the 


♦See  QeologicHi  Survey  of  California:  Paleontology,  vol.  1,  p.  274. 
t  Third  An.  Rept.  of  Texas  Geol.  Survey,  pp.  347,  348. 
{Species  marked  (a)  are  in  medial  band. 

"  "         (b)  are  from  indurated  layers  of  upper  part. 

"  "         (c)  are  from  the  top  beds  of  the  clay.s. 

"  "         (d)  only  a  Hingle  species  found  in  these  bed*, 

(e)  determined  by  W.  B.  Clark. 

"  •'         (f)  determined  by  Charles  Schuchert. 
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culmiiiating  horizon  of  Kingeim  (  Terehraltda)  wacoensis^  Roemer.  Exogyra 
arietina,  Roemer,  and  Gryphsea  mucronata,  Gabb,  are  found  in  these  beds 
only,  in  the  mid-Texas  sections,  and  mark  a  distinct  fossil  zone  in  the 
Texas  Cretaceous ;  the  other  forms  mentioned  occur  in  underlying  faunas. 
This  fauna  is  the  upward  limit  of  the  grand  fauna  of  the  Washita  divi- 
sion, the  sub-faunas  of  which  show  connection  by  a  few  common  binding 
species.  On  the  other  hand,  not  a  single  species  passes  upward  from  the 
Exogyra  arietina  beds  into  the  Shoal  creek  (Vola)  limestone,  thus  showing 
between  these  beds  a  life-break  as  marked  as  is  the  lithologic  change. 

To  the  southward  of  the  Colorado  these  clays  appear  at  various  places 
along  the  great  Balcones  fault  at  least  as'far  as  Del  Rio,  200  miles  south- 
west of  Austin,  where  they  cross  the  Rio  Grande  in  a  bed  of  greatly  in- 
creased thickness. 

Northward  from  Austin  the  Exogyra  arietina  clays  continue  as  far  as 
the  Brazos  and  maintain  the  same  relative  position  between  the  lime- 
stones below  and  above.  The  medial  limestone  bands  before  mentioned 
become  thicker  and  more  pronounced  to  the  northward.  North  of  the 
Brazos  the  impure  limestone  bands  increase  in  proportion  to  the  clays 
until,  at  Denison,  the  latter  have  entirely  disappeared,  probably  by  ero- 
sion,* and  the  Main  street  limestone  alone  represents  there  the  Exogyra 
arietina  clays  and  Kingena  bed  at  Austin,  and  their  respective  faunas  are 
almost  identical. 

While  the  Kingena  zone  at  Austin  lithologically  belongs  with  the 
underlying  limestones  (Shumard's  Washita  limestone  beds,  in  part  the 
Fort  Worth  limestone  of  my  former  nomenclature)  paleontologically  its 
affinities  are  with  the  Exogyra  aiietlna  beds,  as  it  continues  to  be  the 
base  of  this  terrane  to  Red  river,  where  it  is  part  of  the  Main  street  lime- 
stone, and  is  separated  from  the  Fort  Worth  limestones  by  the  interca- 
lation of  a  great  thickness  of  beds  and  faunas  which  apparently  has  little 
or  no  representation  in  the  Austin  section.  This  is  discussed  more  fully 
under  the  head  of  the  Denison  section. 

Fort  Worth  Limestones. — The  Exogyra  arietina  beds  rest  abruptly  upon 
a  group  of  impure  white  limestones,  of  regular  banding,  and  alternate 
with  marly  clays— the  Forth  Worth  limestones  of  my  previous  nomen- 
clature. This  name  I  now  propose  to  restrict  to  the  thicker,  lower 
beds,  as  shown  in  figure  3.  This  is  the  most  conspicuous  lithologic  phase 
of  the  Washita  division.  The  following  section  and  details  of  these  beds 
are  noted : 

The  strata  of  the  lower  portion  of  the  section  is  composed  of  thicker 
alternations  than  the  upper,  although  they  all  have  the  same  white  color. 

*0ne  mile  east  of  Hand  ley,  in  the  Fort  Worth  section,  the  clays  have  a  great  thickness  above 
the  Main  street  limestone.    Both  are  here  overlapped  by  Dakota. 
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The  fossils  occur  throughout  in  definite  zon'e«  an<l 
associations.  The  thicker  Fort  Worth  beds  at  the 
base  may  be  paleontologically  characterized  as  the 
zone  of  the  unique  Epiaster  ekgnns  of  Shunianl 
(Macraster  texamis  of  Roemer)*  and  the  Ammonik^ 
(Schloenhachla)  leonerufis^  Conrad. 

Above  these  is  a  bed  of  clay,  almost  an  a^r- 
glomerate,  of  Gryplnen  pitcher  I  of  Morton,  not 
others.f  Associated  with  this  is  the  unique  oyster 
Aleclryonia  carlnata^  a  familiar  European  fonii. 
occurring  only  at  this  horizon  in  the  American 
section. 

At  the  top  of  the  column  is  the  massive  Kingena 
limestone,  which  is  set  with  Kingenas  like  raisins 
in  a  pudding.  Paleontologically,  the  term  Fort 
Worth  limestone  should  be  hereafter  limited  to  the 
lowest  member  of  this  Austin  section  or  to  the 
thicker  beds  carrying  Epiaster  elegans  and  SchU>en- 
bachia  l€ane}im8,  for  the  few  feet  of  upper  marls  are 
probably  the  southern  attenuation  of  the  lowest 
Denison  or  Marietta  beds.  The  lo\ver  (Preston) 
subdivision  of  the  Washita  has  not  been  found  at 
Austin.  Let  us  now  compare  the  Austin  section 
with  that  of  Denison. 

Deiiison  Section, — At  Red  river  the  Washita  di- 
vision is  much  more  fully  developed,  presenting 
several  distinct  subdivisions  w^hich  do  not  occur 
at  Austin,  the  whole  section  thereby  being  greatly 
thickened. 

Kiamitia  Clays.J — The  firm,  chalky,  crystalline 
Goodland  limestones,  the  northern  representative  of 
the  Fredericksburg  division,  are  succeeded  by  about 
fifty  feet  of  dark  colored,  marly,  laminated  clays, 
wliich  are  often  nearly  black  before  oxidation.  Tlie>* 
alternate  with  thin  flags  of  dark  blue  limestone, 
oxidizing  dirty  yellow,  and  are  composed  almast 
entirely    of   the   shells  of   Gryplisea  fomicuhtn  of 


♦Netieh  Jahrbuch  fOr  Geologie,  Jahrgang,  1888. 

f(J.  wnshita,  of  my  making.  This  is  the  only  form  of  the  five  dis- 
tinct species  of  Gryphoca  which  have  been  almost  inejctricably  coo- 
fused  under  the  name  of  C/.  pitcheri^  which  is  Morton's  original 
species.  The  whole  subject  is  being  treated  by  the  writer  in  a 
separate  paper. 

\  First  defined  in  Bull.  Geol.  Soc.  Am.,  vol.  2,  p.  516. 
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White  *  These  beds  have  many  areas  of  outcrop  in  northern  Grayson 
oounty,  especially  near  old  Preston  and  in  southern  Indian  Territory.t 

In  their  stratification  and  alternations  of  clay  and  stone  they  resemble 
the  Walnut  clays  underlying  the  upper  lime  beds  of  the  Comanche  peak 
or  Fredericksburg  division,  thus  indicating  similar  conditions  of  deposi- 
tion. In  the  upper  part  of  the  clay  the  layers  become  more  calcareous 
(marly)  as  they  pass  by  insensible  transition  into  the  Duck  Creek  beds. 

The  Kiamitia  beds  J  mark  a  well  defined  shallowing  and  beginning 
of  the  oscillatory  upward  movement  which  characterizes  the  Washita 
division.  Paleontologically  these  beds,  with  the  overlying  Duck  Creek 
chalks,  constitute  a  single  fauna,  as  they  have  many  species  in  common. 
The  following  forms,  however,  have  been  noted  in  the  Kiamitia : 

KpUvAer  whiiei,  Clark.  Cyprimera  (?)  sp.  (not  C.  crasmf  Meek). 

ffoUxMer  comanchem,  Marcou.  Protocardva  sp. 

^rnjphxa  forniculaJtay  White  {G.  pitcheri  Ammonites peruvianu8f  von  Bnch. 

and  G.  roemeri  of  Marcou).  A.  vespertinuSj  Morton. 
.  1  Ficula  leverettif  Cragin. 

Duck  Creek  Chalk.§ — The  Kiamitia  alternations  increase  in  marliness, 
and  their  limestones  become  chalkier  without  break  until  they  culminate 
in  a  bed  of  massive,  chalky  limestone  about  50  feet  thick,  which  in  turn 
tirades  upward  into  marly  clay. 

The  importance  of  these  beds  in  the  Cretaceous  system  has  been  en- 
tirely overlooked,  but  they  are  of  unusual  historic  interest,  for  they  con- 
tain a  unique  fauna,  which  has  been  partially  described  and  illustrated 
by  Professor  Jules  Marcou.  ||  This  writer  was  the  first  to  correctly  refer 
any  of  the  beds  of  the  Texas  Cretaceous  to  the  Lower  Cretaceous.  Al- 
though the  great  series  of  rocks  to  which  they  belonged  was  not  at  that 
time  appreciated,  Professor  Marcou  clearly  distinguished  the  Lower  Cre- 
Cretaceous  age  of  the  fossils,  referring  what  are  now  known  to  be  the 
Caprotlna  texnna  beds  to  the  Neocomian  and  what  are  now  defined  as  the 
Preston  beds  to  the  Gault  (greensand  and  marly  chalk),  and  deserves 
credit  for  having  alone  of  all  the  earlier  writers  on  the  subject  perceived 
and  announced  the  existence  of  the  Lower  Cretaceous  rocks  of  the  In- 
dian Territory-Texas  region,  and  I  wish  to  express  clearly,  as  I  have 

•  Tfiis  is  the  form  ended  (?.  pitcheri^  var.  fornieulata,  in  my  previous  writings.  It  Is  the  Oryph(j:n 
inteheri  of  Marcou,  Geol.  North  Americiv  p.  38,  pi.  iv,  figs.  5,  C,  and  also  called  Oryphasa  pitcheri 
throughout  the  Texas  reports. 

t'fhe  buildings  of  old  fort  Washita,  Indian  Territory,  are  constructed  of  this  stone. 

X  Mr  Taff  places  these  beds  in  the  Fredericksburg  or  Comanche  peak  division.  This  is  merely 
a  question  of  opinion. 

i.  In  their  writings  Taff  and  Cnigln  include  these  beds  and  their  fossils  in  the  Fort  Worth  lime- 
wtonea. 

I  Geology  of  North  America,  Zurich,  18M,  pp.  2f>,  27. 
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done  before,  my  recognition  of  this  work  *  The  study  of  these  beds  at 
Preston  and  Fort  Washita,  and  the  discovery  of  their  correct  position  in 
the  series,  has  given  the  writer  an  appreciation  of  Professor  Marcou  s 
fossils  that  was  not  previously  possible. 

Upon  the  question  of  whether  the  Kiamitia  clays  and  Duck  creek  chalk 
are  or  are  not  of  the  age  of  the  Gault,  I  am  not  prepared  to  commit 
myself,  further  than  to  say  that  they  present  such  striking  paleontologic 
resemblances  to  it  that  they  cannot  be  placed  elsewhere,  and  that  they 
are  certainly  not  Senonian,  as  first  alleged  by  Dr  G.  G.  Shumardf  and 
maintained  by  others.  They  succeed  without  break  the  Caprina  lime- 
stones, which  are  upper  Neocomian  beyond  all  reasonable  doubt. 

The  Kiamitia  and  Duck  creek  beds  collectively  can  appropriately  be 
called  Preston  beds  in  honor  of  Professor  Marcou's  type  locality,  where 
the  beds  are  best  exposed.     Together  they  contain  the  following  fauna  : 

Kingena  chodawensis,  Shuniard.  Pholadomyaj  sp.  no  v. 

EpiaMer  whUeif  Clark.  HamiieH  (?)  fremontif  Man-ou. 

HoUister  comaticfieifi,  Marcou.  Ammonites  brazoemiSy  Shumard. 

Gryphsca  foniiailain y  White.  **         6e/il*??a/>i',  Marcou. 

**        pitcheriy  Morton.  **         gibbonianmy  Lea. 

I^Lcogyra  plexiiy  Cr&f^n.  "         ocate-raWrMi/uA,  Shuniard. 

TnoceramuSy  sp.  nov.  **         ivspertimis  (?),  Morton  (not  A. 

AviciUa  levereUiy  Cragin.  fexarmsj  Roemer,  as  has  been  allejjed). 

This  is  one  of  the  best  defined  and  most  specialized  faunas  of  the 
whole  Comanche  series.  The  Kingena  rjioctawensls  differs  in  shape  from 
K.  wacoensis.  but  may  prove  a  variety  of  the  latter  species.  The  zone  of 
its  occurrence  is  certainly  far  below  that  of  the  typical  K  wacoemis.  The 
genus  Iiioceramm  here  in  the  Duck  creek  beds  makes  its  only  authen- 
ticated appearance  in  the  Comanche  series.  The  undescribed  species 
resembles  figures  of  7.  neoconiensis  and  /.  labiaim  of  Europe,  and  is 
entirely  different  in  form  from  the  Inocerami  of  the  Upper  Cretaceous. 

The  Ammonitidee  are  especially  well  differentiated  and  are  worthy  of 
careful  study.  Only  three  of  all  the  Duck  creek  species  occur  in  other 
beds  so  far  as  ol)served. 

Fort  Worth  Limestones. — These  limestones  succeed  the  highly  marly 
clays  of  the  Duck  creek  chalk  without  percej)tible  break,  and  the  sedi- 
mentation between  them  is  continuous. 

In  the  Dcnison  section  they  have,  as  at  Austin,  the  same  alternations 
of  dimension  layers  and  marls  so  characteristic  of  the  beds  there  and 
throughout  their  extent.  The  buff-white  limestones  (blue  interiorly) 
quickly  disintegrate  on  weathering.    These  hard  layers  decrease  in  thick- 

•  Bull.  U.  S.  Geol.  Survey,  no.  45,  p.  74  et  seq. 

t  Exploration  of  the  Red  River  of  Louisiana,  etc.,  1852,  p.  168 
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ness  and  in  proportion  to  the  marls  in  ascending  series,  the  latter  passing 
without  break  into  the  ferruginous  Denison  beds. 

While  these  beds  resemble  the  Duck  creek  limestones  in  color  and 
composition,  the  material  of  the  latter  is  certainly  clearly  distinguishable 
by  its  purer,  finer  grained  and  more  chalky  character.  If  there  is  any 
doubt  upon  this  point,  however,  its  paleontologic  differentiation  is  un- 
mistakable. 

Paleontologically  the  Fort  Worth  limestones  may  be  defined  in  the 
Denison  section  as  including  the  beds  between  the  hemeras  of  the  un- 
described  /noc€ramw«,  sp.  nov.,  above  mentioned  and  Ostrea  qicadruplicata, 
Shumard. 

The  paleontologic  character  of  the  Fort  Worth  beds  is  very  persistent 
throughout  their  extent,  but  their  litliologic  aspect  is  sometimes  repeated 
in  some  of  the  horizons  of  the  Denison  beds  in  their  southward  extension, 
as  they  become  more  marly  away  from  the  Ouachita  shore  at  Denison. 
In  the  Denison  section  the  beds  are  about  200  feet  thick,  and  the  follow- 
ing fossils,  the  list  of  which  is  subject  to  future  revision,  have  been  re- 
ported from  them  : 

Jihunn  of  thr  Fori  Worth  Limestone* 

E»chnra  sp.  Vola  bellulu,  Cragin. 

EpuvfUrr  elegam,  Shumard.  Ne'dhea  catherinay  Cragin. 

Ilol^rlypus  pianatuSf  Roemer.  **      occidenlali%  Conrad. 

Jjeiffcidaris  hemigrajiomJiy  Shumard.  Jarnra  urighiiij  Shumard. 

Cidari»  texanas,  Clark.  Lima  generom,  Cragin. 

I^jrina  parryij  Conrad.  *'      wacoensU,  Roemer. 

(Mrea  caTxnata,  Lamarck.  TurriteUa  seriatim  granulata,  Roemer. 

**      diluvianaj  Lamarck.  **        pUinilnteraK^  Conrad. 

(jry})hsea  pilefieri,  Morton.  Plearotomaria  auMinemiiK^  Shumard. 

"        ginuataj  va.  americaruXj  Marcou.   Nautilus  t^'xanuSj  Sliumard. 

PlicfUula  plaeunea  (?),  D'Orbigny.  Ammonites  leonerutisj  Conrad. 
Sp<mdylu4t  kUlif  Cragin. 

Denison  Beds. — Succeeding  the  Fort  Worth  limestone  in  the  North 
Texas  section  is  a  group  of  lithologic  and  paleontologic  members,  for  which 
1  proposed  the  collective  name  of  the  Denison  beds  in  previous  papers,! 
and  deferred  a  minute  definition  of  its  members  until  a  future  occasion. 


•  The  term  Fort  Worth  limestone  is  npplied  to  several  distinct  beds  by  Mr  Taft",  who  appears  to 
have  used  the  term  sometimes  to  describe  lithologic  appearance  as  well  as  position.  See  section, 
pp.  269,  270,  of  his  report  in  Fourth  Annual  of  the  Texas  Survey,  where  he  has  it  twice,  with  '*  Den- 
ison marls"  between.    He  also  includes  in  it  (p.  26)  the  Denison  fauna. 

tSee  Preliminary  Annotated  Check-list  of  the  Invertebrate  Cretaceous  Fossils,  Austin,  1884,  p. 
xxiv;  Bull.  Geol.  Soc.  of  Am.,  vol.  2,  May,  1891,  p.  617;  On  the  Occurrence  of  Artesian  and  other 
Underground  Waters  in  Texas,  etc,  Washington,  1892,  p.  88. 
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The  Fort  Worth  limestones,  characterized  by  whitish  and  very  sli^^htly 
yellow  tints,  begin  to  show  at  their  top  strong  ferruginous  colors.  This 
ferrugination  is  quite  sudden,  and  the  limestones  become  less  frequent 
and  alteirnating,  and  clays  and  sands  begin  to  predominate.  This  a{>- 
parently  trivial  feature  is  really  an  important  one,  for  it  indicates  change 
in  the  condition  of  sedimentation,  and,  as  I  shall  show,  it  is  accompanied 
by  certain  faunal  changes,  throwing  light  on  the  Austiii  section.  This 
change  is  perceptible  in  the  beds  as  far  southward  as  fort  Worth. 

The  Denison  beds  at  Denison  consist  of  the  following  members :  * 
Main  street  limestone ;  Paw  Paw  shales ;  North  Denison  sands ;  and 
Marietta  marls. 

The  Marietta  beds,  the  lowest  member  of  the  Denison  beds,  consist  oi 
friable,  brown  laminated  clays.  Throughout  their  extent  in  the  Red  river 
region  they  are  marked,  a  few  feet  above  their  base,  by  peculiar  segre- 
gations, pseudo-concretions,  in  the  shape  of  large,  thin  lenses  of  indu- 
rated silicious  limestone,  which  are  often  four  or  five  feet  in  diameter 
and  from  one  to  two  feet  in  thickness,  and  which  split  into  fissile  lamina* 
upon  weathering.  These  beds  are  marked  by  the  association  of  several 
interesting  species,  the  most  characteristic  of  which  is  that  of  Akctryonia 
carbmta,  associated  with  Gryphasa  pitcheri^  Morton,  and  the  beautiful 
echinoid  Leiocldaris  hemgraaoBiis  of  Shumard,  which  occurs  near  the 
base.  This  is  the  horizon  which,  in  my  first  section  of  the  Texas  Creta- 
ceous, I  described  as  that  of  Gryphasa  pitchen,  associated  with  Ostren 
carinata,^  These  fossils  occur  in  thin  brecciate  slabs,  good  specimens  of 
which  are  in  the  collections  made  by  me  for  the  United  States  Geological 
Survey  and  the  Texas  State  Survey.  It  was  also  fi-om  these  beds  on 
Little  Fossil  creek,  six  miles  north  of  fort  Worth,  Texas,  that  I  collected 
the  types  of  the  rare  species  Steamsia  robbinsii.  White,  Dalliaconchci  in- 
vaghiata,  White,  and  Ophioglyphm  texana,  Clark,!  the  horizon  and  geologic 
position  of  which  has  not  hitherto  been  published,  I  believe. 

The  ferruginous  character  of  these  beds  extend  southward  as  far  as 

*Mr  J.  A.  THff  misinterpreted  my  definition  of  the  Denison  beds  in  the  plural,  and  inferred  thai 
I  meant  by  them  only  the  basement  bed  of  the  group  of  beds.  He  uses  the  term  in  the  sinKutnr 
for  its  lowest  member.  ProceedinK  upon  this  erroneou;i  impression,  probably  justified  by  my  im- 
perfect definitions,  he  presented  an  erroneous  criticism  of  my  work  in  the  American  Geologist  of 
December,  1892.  Since  that  writing  he  has  visited  and  published  on  the  Denison  section,  and  no 
better  proof  of  the  correctness* of  my  conclusions  can  be  given  than  an  examination  of  the  detailia 
of  his  sections  in  the  Fourth  Annual  Report  of  the  Texas  Geological  Survey,  [n  this  report  he 
speaks  of  the  lower  (Marietta)  bed  without  definition  as  the  '*  Denison  beds,''  the  '*  Denison  marl,'' 
the  "  Denison  bed,"  etcetera.  The  term  ••  Denison  beds,"  as  used  for  the  group,  has  precedence  and 
should  not  be  confused  with  Mr  Taff 's  application  of  the  term.  (See  Third  and  Fourth  Ann.  Repts. 
Texas  Geol.  Survey,  and  Am.  Geologist  for  November  and  December,  1892.) 

t  Am.  Jour.  Sci.,  April,  1887. 

JProc.  Phi  la.  Acad,  Sci. 
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Fort  Worth  and  Cleburne,  but  at  some  point  not  yet  deterniined  between 
the  latter  [ilace  and  the  Brazos  its  color  becomes  lost.  The  paleontologic 
liorizons,  however,  continue  southward  under  the  lithologic  aspect  of  the 
Fort  Worth  limestone,  constituting  at  Austin  the  few  feet  of  marly  clays 
with  G.  pitcheri  between  the  zones  of  Ammonites  leonenaia  and  Kingena 
icaroeims,  which  form  the  upper  beds  of  the  Fort  Worth  limestone  there. 

Fomls  of  the  Marietta  Bedft. 

Jjeioculurijf  hemigranouHj  Shi\mAT(\.  (rrypfuen  pitcheri ^  ^lorton.  • 

*Ophioglypha  texana,  Clark.  OfArea  carinala,  Lamarck. 

^OfTrillospis  intxiginaia,  White.  Trigoniuemoryiy  Conrad. 

^OfUrm  fpMdriplicata,  Shumanl.  Plirainla  denionemis,  Cragin. 
fStenrmna  robbimiiy  White. 

Without  break  the  brown  Marietta  clays  grade  upward  into  the  North 
Denison  sands — beds  characterized  by  alternations  of  excessively  ferru- 
«^inou8,  laminated  sands  and  clay,  which  by  infiltration  and  induration 
are  sometimes  converted  into  a  fossiliferous  hematite.  The  hematite 
.'^trata  are  often  of  great  hardness  and  are  excessively  fossiliferous.  The 
sands  of  these  beds  could  easily  be  and  have  been  confused  with  the 
Dakota  sands  of  the  South  Denison,  but  their  distinct  stratigraphic 
position  is  beyond  question. 

The  fossils  are  abundant  and  beautifully  preserved,  both  as  shells  and 
moulds.  The  species  are  mostly  littoral  mollusks  not  occurring  in  the 
lower  beds,  such  as  Axlnea,  Nu,culfe(i^  Corbula,  Tapes,  TurrileUa,  etcetera, 
which  coincide  with  their  physical  composition  in  the  testimony  that 
these  beds  are  more  littoral  than  others  of  the  Washita  division,  and  are 
indeed  its  shallowest,  most  littoral  deposits. 

The  typical  occurrence  of  these  beds  is  in  the  northern  half  of  the  city 
of  Denison.  They  reap[)ear  along  an  east-and-west  strike  in  Indian 
Territory,  from  east  of  Marietta  eastward  to  the  Missouri,  Kansas  and 
Texas  railroad. 

It  is  interesting  to  note  that  the  outcrop  of  these  sands  is  occupied  by 
the  same  kind  of  forests  as  the  Dakota  sands  of  South  Denison  in  their 
narrow  extent  along  the  western  border  of  the  lower  Cross  Timbers,  so 
that  the  areal  extent  of  the  lower  Cross  Timbers  can  no  longer  be  said  to 
be  exactly  coincident  with  the  Dakota,  but  it  includes  in  its  western  por- 
tion a  very  narrow  strip  of  the  Lower  Cretaceous. 

The  sandy  ferruginous  beds  are  not  sharply  differentiated  from  the 
overlying  and  underlying  beds,  either  paleontologically  or  stratigraph- 

*  Hft«  not  be«n  seen  by  th«  writer  south  of  Tarrant  county, 
t  Ocours  in  Exogyra  arietina  beds  at  Austin.    Rare. 

XLV— BOLt    «Koi.  Sor.  Aif.,  Vol..  5.  I8tt3. 
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ically.  They  represent  a  zone  of  excessive  ferrugination  in  the  section. 
At  Denison*  they  are  from  100  to  130  feet  thick.  Their  summit,  for  con- 
venience, may  be  placed  at  a  zone  locally  known  as  the  "  quarry  lime- 
stone "  band,  where  the  unique  Ostrea  quadruplicaia  has  its  greatest  devel- 
opment. Its  fauna  passes  into  that  of  the  overlying  Paw  Paw  clay?5. 
The  sands  rapidly  thin  out  to  the  southward,  not  occurring  in  the  Trinity 
section. 

The  North  Denison  sands  are  inseparable  from  the  overlying  Paw  Paw 
clays..  These  clays  are  of  a  light  drab  color,  very  thinly  laminated  ami 
contain  many  beautiful  fossils,  a  species  of  Turritella  predominating, 
the  nacreous  substance  of  which  is  preserved  unaltered,  like  some  of  the 
fossils  of  the  Claiborne  Tertiary,  and  which  fall  to  pieces  upon  exposure 
to  the  air.  The  clays  are  exposed  in  the  banks  of  Paw  Paw  creek,  in  the 
southern  and  eastern  portion  of  the  city  of  Denison ;  at  the  mineral 
spring  on  the  head  of  Duck  creek,  in  northwest  Denison,  and  elsewhere. 

The  species  of  the  North  Denison  sands  and  Paw  Paw  clays  have  not 
been  completely  described,  but  the  following  are  recognizable  as  consti- 
tuting their  fauna : 

Fawia  of  the  Paw  Paw  Clnys  and  North  Deainon  Sands  (Denison  Bed*  in  jxi/i). 

Ostrea  quadriplicata,  Shumard.  Protocardia  t4'xana^  Conrad. 

Corbtda  sp.  Phdadomya  (?)  postextenUty  Cragin. 

Axinsea  sp.  ()/primera  sp. 

Volsella  8p.  Anchura  mudgeana,  White. 

Tapes  sp.  Turritella  sp. 

Cytherea  sp.  Ammonites  emarffinaius,  Cragin. 

Tellina  sp. 

The  Denison  beds  terminate  in  the  beds  of  the  Main  street  limestone, 
not  over  thirty  feet  in  thickness,  which  underlies  the  main  street  of  the 
city;  strikes  in  an  east-and-west  direction,  and  also  outcrops  on  the 
bluffs  of  Paw  Paw  creek,  south  and  east  of  the  city.  Tliis  limestone  is 
coarse  grained,  of  irregular  hardness  and  composed  of  minute  shell  frag- 
ments ;  is  of  a  dull  yellow  color  upon  weathering,  but  is  white  upon 
fracture,  and  burns  into  a  very  impure  lime  with  hydraulic  properties. 
It  is  separated  by  thin  beds  of  clay. 

The  Main  street  limestone  is  everywhere  surmounted  unconformably 
by  the  coarse  ferruginous  sands  and  silicious  iron  ores  of  the  Dakota. 
This  is  the  only  positively  known  break  in  the  sedimentation  from  the 
beginning  of  the  lowest  (Trinity)  Cretaceous  beds.    The  Main  street 

•The  *•  Denison  marl"  of  Tiiflf:  Fourth  Aun.  Rt»pt.  (Seol.  Survey  of  Texas,  p.  273. 
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limestone  contains  a  characteristic  fauna  which  has  important  bearing 
upon  our  subsequent  discussion.    This  fauna  is  as  follows: 

Fauna  of  the  Main  Slreet  Limestone. 

Kinge^ia  wacoenm,  Roemer.  Exogyra  dnuaUij  Marcou. 
(/rthapgittj  sp.  nov.  **        drakeij  Cragin. 

HolatfUr  sp.  Janira  texanuSj  Roemer. 

Hideciijpux  planatuBy  Roemer.  Protocardia  iexanum,  Conrad. 

IloUitier  simplex ^  Shumard.  Hopliles  texaniuty  Cragin. 

Ostrea  quadriplicaJUi,  Shmnard.  TurriUUes  brazoensis,  Roemer. 

Grifphxa  mucronala,  Gabb.  Pachyma  austinemiSy  Shumard. 

Exogyra  arietina,  Roemer.  Protocardia  texanumy  Conrad. 

It  will  be  noted  that  this  fauna  is  different  from  the  species  or  associa- 
tions of  the  underlying  Denison  beds.  It  is  that  of  the  Exogyra  arietina 
clays  and  Kingena  limestone  of  our  Austin  section.  The  whole  thick- 
ness of  the  underlying  Denison  beds  is  an  intercalation  barely  repre- 
sented in  the  Colorado  section.  It  is  also  noticeable  that  it  presents  a 
similar  association  (not  species)  of  Echinoids  and  Grypheate  and  Exogy- 
rate  ostreidse  which  characterize  the  beds  of  the  Washita  division  below 
the  Marietta  bed.  In  other  words,  it  marks  a  return  of  clearer  water 
environment  and  with  a  time-modified  fauna  of  the  lower  Washita  which 
disappeared  from  this  shore  upon  the  slight  elevation  and  shallower 
impure  sedimentation  of  the  Denison  beds. 

General  Remarks  on  the  Sections. — The  Denison  beds  below  the  Main 
street  limestone  with  their  littoral  faunas  thin  out  with  great  rapidity 
southward  or  off-shore  from  Red  river,  the  328  feet  at  Denison  only  being 
represented,  if  at  all,  by  the  ten  feet  of  marly  calcareous  clays  below  the 
Kingena  zone  at  Austin,  and  even  in  this  the  littoral  species  have  mostly 
disappeared.  These  facts  afford  us  a  standard  of  appreciation  of  the 
conditions  under  which  the  marly  calcareous  clays  which  are  so  common 
in  the  Comanche  series  were  deposited.  They  represent  the  off-shore 
(archibenthal)  or  finest  physical  and  chemical  sediments  and  are  not 
littoral.  The}^  should  be  represented  near  the  Cordilleran  front,  as  at 
the  Ouachita  shore,  by  thicker  arenaceous,  littoral,  plant-bearing  terranes. 

It  will  also  l)e  seen  that  the  nearer-shore  Denison  section  is  composed 
of  a  great  many  more  lithologic  members  than  the  Austin,  being  seven 
in  number  instead  of  three  at  the  latter  place.  These  seven  beds  at 
Denison  are  really  represented  by  only  two  members  at  Austin,  the 
Exogyra  arietina  clays  and  the  Fort  Worth  limestone,  while  the  upper- 
most member  of  the  Austin  section,  the  Shoal  creek  limestone,  has  no 
representative  whatever  at  Denison.  It  may  have  been  once  deposited 
there  (under  what  conditions  cannot  be  said) ;  but,  if  so,  it  was  com- 
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pletely  eroded  away  durino;  the  time  represented  by  the  great  hialu^ 
between  the  Main  street  (Ezogt/ra  arietlna)  limestone  and  the  Dakota. 

In  contrast  with  the  variations  of  the  shallower  Denison  beds  the  Fort 
Worth  limestone  is  more  persistent  and  the  least  variable  lithologically 
of  all  the  members  of  the  Washita.  It  shows  the  same  general  character- 
i-jtics  from  Bexar  county,  west  of  San  Antonio,  400  miles  northward  ti) 
near  Fort  Washita,  Indian  Territory.  The  members  above  and  below  it 
show  a  progressive  variation  throughout  their  extent. 

The  probable  absence  of  the  Preston  beds  (Kiamitia  and  Duck  creek: 
in  the  Austin  section  I  am  as  yet  unable  to  interpret, 

WESTERN  SHORELINE  OF  THE  fVASHITA  DIVISIOX. 

The  Washita  shoreline  is  not  yet  interpreted  over  an  area  from  xhv 
western  border  of  our  map  westward  to  the  104th  meridian,  the  sedimen- 
tation having  been  destroyed  by  the  great  mid-Tertiary  erosion,*  but  there 
is  evidence  that  it  extended  from  the  latter  line  southwestward  via  El 
Paso.  Along  this  line  the  beds  again  appear,  but,  as  would  naturally  be 
expected,  under  slightly  modified  conditions,  their  color  and  chalky  asix*ct 
having  been  altered  into  bluer  and  harder  conditions  by  the  mountain 
movements,  and  their  sediments  having  been  derived  from  the  ancient 
nucleal  Rocky  mountain  land.  Nevertheless  they  maintain  their  indi- 
viduality in  such  a  manner  as  to  render  their  identity  unquestionable. 
The  series  of  vertical  sections  shown  on  plate  13  illustrate  the  occur- 
rence of  these  beds  along  the  north  and  south  line  in  this  region.  The 
most  northwestern  outcrop  of  the  beds  is  at  Tucumcari,  New  Mexico, 
where  they  occur  under  the  conditions  previously  describedt  by  tlu* 
writer. 

The  writer  has  studied  most  of  this  western  region  only  in  a  cursory 
manner,  but  has  examined  with  special  care  the  sections  at  Tucuracari 
mesa,  New  Mexico,  and  at  El  Paso,  points  along  the  w^estern  shoreline 
some  300  miles  apart.  *  At  Tucumcari  the  stratification  is  undisturbed, 
but  at  El  Paso  it  is  greatly  broken  by  faulting  and  dioritic  and  porphy- 
ritic  intrusions,  rendering  minute  measurements  and  interpretations  of 
the  section  so  difficult  that  I  have  had  no  time  as  yet  to  undertake  them. 
At  the  latter  place,  however,  the  Washita  division  abuts  against  the  old 
Paleozoic  shore  of  the  Organ  mountains,  and  consists  of  the  same  geuenvl 
character,  with  variations  in  detail,  as  at  Denison,  namely,  an  up]>er 
ferruginous  littoral  member  and  a  lower  calcareous  deeper  member, 
showing  the  same  shallowing  upward.  No  trace  of  the  Shoal  creek  lime- 
stone fauna  has  yet  been  found  in  these  western  beds,  although  the  nanie 

*On  the  Occurrence  of  Underground  Water,  pp.  135, 134>. 
fScicuceof  July  14,1893. 
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of  this  formation  has  been  erroneously  used  in  connection  with  them  in 
a  recent  publication.* 

Paleontologically  these  beds  of  the  western  shoreline  show  slight 
variation  from  those  of  the  east.  The  same  distinguishing  species,  such 
as  Gryphon  mjccroiiata,  Gabb,  0.  qiuidrlcosiata,  Shumard,  Trigonia  emoryi, 
(Conrad,  of  the  Denison  beds,  and  SMoenbnchia  leonensis  of  the  Fort 
Worth,  occur,  but  some  new  species,  such  as  Grgphsea  dilatdla^  Marcou, 
and  Turhinolia  iexana^  Conrad,  are  initiated,  and  some  of  the  Comanche 
Peak  species,  such  as  ChernnUzia  occidentale,  Gabb,  range  up  into  the 
Washita.  These  variations  over  such  p:reat  distances  are  naturally  to  be 
exi>ected,  and  their  study  will  ultimately  enable  us  to  correlate  all  syn- 
chronous deposits  of  Washita  time  over  the  Mexican  and  South  American 
region. 

Each  of  the  littoral  formations  shoring  against  the  Ouachita  mountain 
system  should  be  studied  in  its  extent  and  variation  over  the  archi- 
benthal  region  Southward  and  the  results  set  forth  in  the  same  way  as  I 
have  endeavored  to  present  my  studies  of  the  Washita  division. 

Oscillations  of  Land  and  Ska  recorded  in  the  Region. 

Where  sediments  present  such  a  uniform  and  persistent  extent  as  the 
members  of  the  section  of  this  region,  and  where  they  are  found  in  such 
definite  succession,  it  is  possible  to  make  some  very  accurate  interpreta- 
tions from  them  of  the  subsidence  and  elevation  of  that  portion  of  the 
ocean's  margin  in  which  they  were  laid  down  and  of  the  land  from  which 
they  were  derived.  The  stretch  of  Plateau  gravel  across  Arkansas  and 
Texas  for  600  miles  at  the  elevation  of  500  to  600  feet  can  mean  nothing 
else  than  that  they  once  marked  a  marine  level  of  deposition,  and  that  the 
land  has  been  elevated  to  the  present  height  since  they  were  laid  down. 
Furthermore,  this  elevation  was  not  local  or  spasmodic,  but  general  or 
epirogenic.  In  this  region  we  have  records  since  early  Mesozoic  time  of 
five  of  these  periods,  when  the  oscillations  of  the  land  and  sea  have 
brought  the  region  to  marine  level  or  elevated  it  far  above.  The  records, 
so  far  as  they  can  be  interpreted,  are  as  follows  : 

The  earliest,  where  our  studies  begin,  is  the  Trinity  shoreline,  which 
marked  the  great  baseleveling  of  the  land  and  its  invasion  from  the 
southward  in  late  Mesozoic  time  by  the  waters  of  the  Atlantic.  They 
are,  at  their  beginning,  littoral  near-shore  deposits,  as  shown  by  their 
Htructure  and  organic  remains. 

The  Glen  Rose  beds,  mostly  brecciated  and  chalky  limestones  and 

•See  Americnn  Geologist,  November,  1893,  pp.  309-314.    The  paleontologic  nomenclature,  range 
and  formation  names  used  in  this  article  are  unreliable. 


334  R.  T.  HILL GKOLOGY    OF    RKD    RIVER. 

marls,  show  that  the  Trinity  subsidence  continued  until  the  condition- 
for  deej)er  clear  water  deposits  had  been  reached. 

The  Paluxy  sands  show  a  return  to  the  littoral  conditions  of  the 
Trinity  and  the  beginning  of  a  second  subsidence.  The  Walnut  cla\> 
that  succeed  them  show  slightly  deeper  and  further  off-shore  sedimenia- 
ticm.  The  massive  chalky  Goodland  limestones  show  a  still  deeper  and 
quieter  condition  of  sedimentation.  These  three  beds  (Paluxy,  Walnut 
and  Goodland)  represent  a  progressive  subsidence  during  Fredericksbufj: 
time,  until  the  ocean  was  comparatively  deep  over  central  Texas  ami 
its  western  shore  was  far  westward  toward  the  Rocky  mountain  region. 

The  Kiamitia  clays  mark  the  beginning  of  the  progressive  shallowing 
during  the  Washita  time.  They  show  a  shallowing  condition  after  the 
deposition  of  the  Goodland  limestones  and  a  return  to  those  prevailing 
when  the  Walnut  clays  were  deposited — even  shallower,  for  there  is  le:*i 
of  the  fine  lime  precipitate  and  more  carbonaceous  matter  in  them. 

The  Duck  Creek  chalks  again  indicate  subsidence,  like  the  Goodland 
limestone,  but  to  a  less  degree,  as  they  are  not  so  pure  a  chalk.  The 
alternations  of  marly  clays  and  limestones  in  the  overlying  Fort  Worth 
limestones  shows  long  continued  shallowing. 

The  Marietta  beds  reveal  the  progression  of  this  shallowing  to  a  more 
littoral  stage,  finally  culminating  in  the  North  Denison  sands,  when  the 
material  and  excessively  littoral  fauna  indicate  the  nearest  approach  t4) 
land  conditions. 

The  Paw  Paw  shales  show  that  slight  subsidence  had  again  begun, 
which  was  slightly  deepened  during  the  Main  street  limestone  epoch, 
after  which  there  was  a  general  return  to  land  conditions  which  prevailed 
throughout  the  region  before  the  second  grand  subsidence  or  that  of 
Upper  Cretaceous  time  began. 

This  mid-Cretaceous  epirogenic  elevation  could  not  have  been  of  long 
continuance,  but  it  must  have  been  of  great  magnitude  and  of  sufficient 
duration  to  c()m[)letely  destroy  the  faunal  continuation  of  the  marine 
life  of  the  Lower  Cretaceous.  The  interpretation  of  the  effects  of  this 
movement  in  the  Cordilleran  history  of  our  continent  is  one  of  the  most ' 
important  geologic  problems  of  the  future. 

The  Dakota,  like  the  Trinity,  is  a  deposit  at  marine  baselevel;  estua- 
rine,  littoral  and  lacustral  probably  in  places,  but  liistorically  recording 
the  shallowest  deposits  and  marking  the  second  grand  Cretaceous  inva- 
sion of  the  west  by  the  Atlantic  shoreline  and  the  commencement  of  the 
second  or  Upper  Cretaceous  epirogenic  subsidence. 

The  blue  clays  of  the  Plagle  Ford  shales  (Benton)  represent  the  pro- 
gressive dcepenin;r,  and  the  Austin  (Niobrara)  chalk  represents  the  cul- 
mination of  this  subsidence.     The  overlying  Ponderosa  marls  and  bedd 
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of  the  Glauconitic,  as  in  the  case  of  the  Washita  division  of  the  Comanche 
series,  represent  a  wavering  but  progressive  shallowing  not  3'et  com- 
pletely interpreted,  and  it  can  only  be  stated  that  this  time  was  marked 
by  a  series  of  slight  oscillations,  and  that  the  present  seems  to  be  one  of 
elevation. 

All  these  movements  and  .my  estimate  of  their  amplitude  are  graph- 
ically represented  in  the  following  figure : 

MNOMANIM  TUKONIM  aCNMtAa  COOUt   MCOCUE  flllSTOCCMe 


FiGURK  ^.—Oteillntiona  of  Land  and  Sea  shown  in  Sediments  of  Red  Rivr  Region. 

It  should  be  remembered  that  these  movements  in  the  Red  river 
region,  as  proved  by  the  great  extent  of  the  deposits  southward  to  the 
Rio  Grande,  were  epirogenic,  and  that  they  should  be  recorded,  perhaps 
in  varied  sediments  or  erosion  surfaces,  in  the  history  of  the  Great  plains 
and  eastern  Rocky  mountain  region. 

In  the  basement  Eocene  we  have  still  another  period  when  this  region 
was  the  shoreline  with  corresponding  littoral  deposition,  but  the  details 
have  not  been  thoroughly  investigated. 

The  Plateau  gravel  probably  represents  the  great  epoch  of  Neocene 
baseleveling,  described  by  McGee  under  the  name  of  the  Appomattox 
and  the  Lafayette.  I  believe,  from  my  limited  studies,  that  ultimately 
the  vicissitudes  of  its  physical  history  will  be  closely  correllated  with 
thase  of  the  Llano  Estacado.  The  details  of  the  later  Pleistocene  history 
have  not  been  studied. 

In  general,  it  should  be  remembered  that  owing  to  the  persistence  of 
the  old  Ouachita  shoreline  this  Red  River  region  was  one  in  which  the 
average  conditions  of  land  and  wati^rwere  near  sealevel,  while  the  Rocky 
mountain  region  was  that  portion  of  our  continent  which  was  average 
upland,  and  the  central  Texas  region  that  of  great  alternations,  hence 
the  amplitude  of  oscillation  of  each  movement  was  many  times  greater 
in  the  Cordilleran  region  than  in  the  Red  river  country.  To  the  west- 
ward great  epirogenic  and  orographic  movements  were  taking  place 
through  thousands  of  vertical  feet  of  movement  to  the  hundred  here. 
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For  instance,  we  know  that  the  Trinity  level  of  deposition  has  been 
elevated  to  4,000  feet  in  New  Mexico,  the  Dakota  and  Eocene  (Laramie) 
to  10,000,  and  the  Miocene  to  5,000  feet,  while  all  are  found  below  501) 
feet  in  Arkansas. 

Nearly  all  these  movements,  except  the  Comanche,  have  been  recog- 
nized if  not  correlated  in  the  Rocky  mountain  repfion,  but  the  Comanche 
has  not  been  noticed  because  it  had  not  been  differentiated  when  our 
great  physical  geologists  studied  that  region  and  when  the  Dakota  was 
supposed  to  be  the  lowest  Cretaceous  baselevel  epoch.  When  the  Cor- 
dilleran  region  is  studied  in  the  light  of  this  later  knowledge  of  the 
Comanche  it  will  reveal  a  volume  of  history  now  unknown. 

Conclusions  as  to  the  Cretaceous  Section. 

Limited  space  prevents  the  amplification  in  this  paper  of  much  desira- 
ble detail,  but  the  writer  hopes  that  he  has  presented  the  salient  facts 
concerning  the  structure,  especially  of  the  Cretaceous  formations.  A 
study  of  these  as  here  presented  cannot  but  emphasize  the  fact  that  in 
the  Arkansas-Texas  region  they  have  a  completeness  of  stratigraphic  and 
paleontologic  succession  such  as  can  be  found  nowhere  else  in  America, 
from  which  many  important  deductions  can  ultimately  be  drawn,  and 
which  lead  to  conclusions  somewhat  different  from  those  currently  ac- 
cepted. 

The  writer  believes  that  without  the  aid  of  this  section,  deductions 
concerning  correlation  have  been  in  general  premature  and  unreliable, 
and  will  be  until  the  paleontology  of  the  six*  distinct  faunas  of  the 
Comanche  series  are  studied,  compared  and  published.  These  faunae 
are  as  distinct  one  from  another  as  they  can  be,  and  each  contains  impor- 
tant data  without  which  it  is  utterly  impossible  for  any  one  to  properly 
understand  the  life  relations  of  the  North  American  Cretaceous.  While 
species-making  has  continued  until  nearly  every  form  has  received  many 
names,  not  a  single  one  of  these  faunas  has  been  fully  published,  so  that 
its  full  meaning  can  be  interpreted,  and  only  two  of  them  approximately 
published.f  Several  of  them  are  briefly  mentioned  in  this  paper  for  the 
first  time.  With  the  exception  of  the  Echinodermata,J  not  a  single  class 
has  been  studied  systematically  with  reference  to  stratigraphic  occur- 

•  These  faunas  are  those  of  1.  The  Trinity  division ;  2.  The  Comanche  pealif  beds  and  Capr!n:« 
limestone;  3.  The  Preston  beds  (Kiamitia  and  Duck  creek);  4.  The  Fort  Worth  Ume^tone ;  &.  The 
Denison  beds;  6.  The  Shoal  creek  limestone. 

fThe  faunas  of  the  Trinity  division  and  Caprina  limestone.  See  Proc.  Biol.  Soc.,  Washington. 
1893. 

{The  Mesosoic  Bchlnodermata  of  the  United  States,  by  W.  B.  Clark.  Bull.  97,  U.  S.  G«ological 
Survey,  Washington,  1893. 
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rence.  The  Ammonitidae,  Vertebrata  and  MoUusca  have  not  yet  been 
critically  classified  in  print  with  reference  to  the  light  they  may  throw 
upon  the  age  of  these  beds,  yet  without  this  essential  data  the  fiat  has 
frequently  gone  forth  that  no  correlation  can  be  made  between  the  North 
American  Cretaceous  and  that  of  similar  life  periods  throughout  the 
world.  Without  facilities  for  the  publication  of  a  monograph  upon  the 
fossils  of  the  Texas  section,  the  writer  is  at  a  disadvantage  in  presenting 
conclusions,  but  the  faunal  charts  exhibited  at  the  reading  of  this  paper, 
but  which  lack  of  space  prevents  publishing,  showed  that  there  are  sub- 
stantial grounds  for  the  following  conclusions : 

We  have  in  the  North  American  Cretaceous,  as  represented  in  the 
Texas  section,  as  complete  a  succession  of  beds  and  faunas  as  is  repre- 
sented in  any  known  geographic  division  of  the  world. 

The  sequence  of  life  in  these  beds  is  such  as  to  justify,  in  discussing 
the  North  American  Cretaceous,  the  application  of  a  more  definite  sub- 
division of  terms,  in  harmony  with  world-wide  nomenclature — terms  to 
be  used  as  Eocene,  Miocene  and  Pliocene  are  employed  in  America  in 
speaking  of  the  much  less  defined  divisions  of  the  Tertiary. 

The  North  American  ('retaceous,  of  the  Atlantic  sedimentation,  pre- 
sents the  following  strong  analogies  to  the  European:  1.  It  is  divisible 
into  two  distinct  systems — an  Upper  and  a  Lower — separated  by  an  epiro- 
genic  land  elevation  and  stratigraphic  break.  2.  It  is  divisible  into  sub- 
groups, based  upon  life  forms  and  associations,  such  as  the  Neocomian, 
Gault,  Cenomanian,  Turonian  and  Senonian,  of  the  equivalency  of  the 
term  Eocene,  as  applied  to  the  Tertiary. 

Some  of  these  divisions,  so  far  as  studied,  such  as  the  Neocomian 
(Trinity  and  Fredericksburg  divisions),  Turonian  (Benton  division)  and 
Senonian  (Glauconitic),  reveal  a  close  homotaxial  similarity  of  generic 
forms  to  those  of  other  portions  of  the  world. 
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Physical  Geography  of  the  Rewiox  studied. 

Finger  Lakes. — In  central  New  York  there  is  a  series — a  dozen  or  more 
ill  all — of  long,  nearly  parallel  lakes  to  which  the  general  name  Finger 
lakes  Ls  applied.  Several  of  these,  notably  Cayuga  and  Seneca,  are  ex- 
tremely long  compared  with  their  width.  These  lakes,  although  nearly 
parallel,  are  not  strictly  so,  but  converge  slightly  toward  a  common  center 
at  some  point  near  the  northern  shore  of  lake  Ontario,  which  lies  imme- 
diately to  the  north.  At  present  all  these  lakes,  with  the  exception  of 
one  or  two  minute  ones,  drain  northward  and  eventually  enter  lake 
Ontario  mostly  through  Oswego  river,  which  flows  eastward  for  a  ^dis- 

*The  author  is  indebt4»d  to  Mr  A.  S.  Eakle  for  assistance  in  the  preparation  or  the  illiistrationH 
apcornpanying  this  pap^r. 
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tance  and  then  turns  abruptly  northwestward  after  having  received  the 
waters  of  Oneida,  the  easternmost  member  of  the  series.  Two  or  thref 
smaller  lakes  on  the  western  margin  of  the  district  empty  into  Ontario 
through  the  Genesee  river. 

As  is  pointed  out  by  Dr  Lincoln  *  Professor  Brigham  f  and  others, 
these  lakes  are  situated  in  valleys  cut  in  the  northern  slope  of  the  New 
York  portion  of  the  Appalachian  plateau,  which  is  composed  mainly  of 
Devonian  rocks.  Near  the  head  of  the  lakes  there  is  an  irregular  di\i(le, 
high  and  diverse  in  topography,  which  separates  the  waters  of  the  Che- 
mung and  Susquehanna  from  the  north-flowing  tributaries  to  the  Saint 
Lawrence  system.  This  plateau  frequently  attains  an  elevation  of  over 
2,000  feet,  while  the  valley  bottoms  are,  in  two  cases  at  least,  below  sea- 
level.  Dr  Lincoln  X  brings  out  the  interesting  fact  that  the  plateau  is 
here  axially  depressed,  that  is,  while  the  upland  is  everywhere  a  plateau, 
the  upland  itself,  and  the  valleys  in  it,  are  lower  in  elevation  near  the 
center  of  the  district  than  on  the  margins.  This  is  brought  out  by  him 
in  a  diagram  which  shows  a  general  sagging  of  the  surface  in  the  center 
of  the  district,  and  in  this  central  portion  the  two  large  lakes,  Seneca 
and  Cayuga,  are  in  notable  depressions,  much  more  pronounced  than 
those  on  either  side. 

Topography  of  the  central  Area. — The  topography  of  the  central  area  is 
very  typical  of  the  New  York-Pennsylvania  plateau.  The  valleys  of 
Cayuga  and  Seneca  are  broad,  gently  sloping,  smooth  sided,  linear 
valleys,  in  all  respects  typical  of  mature  rivers.  One  might  well  con- 
clude from  the  form  alone  that  they  are  nothing  more  than  mature  pre- 
glacial  river  valleys.  They  wind  in  and  out,  their  southern  headwater 
portions  are  markedly  more  diverse  than  their  northern  continuations, 
and  as  the  northern  end  is  approached  the  hills  become  lower  and  lower, 
until  finally  they  are  replaced  by  a  comparatively  low  plain.  Moreover, 
there  are  tributaries  of  mature  form,  well  pronounced  both  in  the  southern 
portion  and  on  the  plateau  at  one  side. 

Drainage. — In  most  cases  the  creeks  flowing  into  these  lake  valleys 
enter  through  gorges  as  a  series  of  rapids  and  waterfalls — in  one  case. 
Taughannock,  with  a  single  fall  of  190  feet.  They  drop  down,  as  it  were, 
over  the  valley  slope  into  the  lake.  Ordinarily  a  few  miles  from  their 
mouths  these  streams  flow  in  well  developed,  mature,  preglacial  valleys, 
so  that  on  the  main  valley  side  and  at  their  mouths  alone  the  gorges  and 
falls  exist.§    In  one  or  two  case?,  however,  the  stream  enters  the  lake 

•  Am.  Jour.  Sci.,  vol.  xliv,  189'A  P.  290. 
t  Ball.  Ana.  Geograph.  Soc,  vol.  xxv,  no.  2, 1893,  p.  3. 
t  Am.  Jour.  Sci.,  vol.  xliv,  1892.  pp.  290-293. 

gThia  is  a  reversal  of  the  usual  condition  and  is  just  the  opposite  from  the  river  syst<»m  *-•«  df- 
scribed  in  text-books,  in  which  the  upper  course  is  torrential. 
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through  its  preglacial  valley.  Where  this  is  not  the  case  the  old  valley 
in  some  cases  appears  to  be  filled  with  drift  and  the  present  stream  near 
the  lake  to  be  cutting  a  rock  gorge  in  one  of  the  banks  of  the  preglacial 
valley.  This  is  certainly  true  of  Taughannock,  for  the  old  valley  is 
plainly  indicated  as  a  gentle  sag  in  the  hillside  just  north  of  the  falls. 
There  is,  moreover,  in  these  tributary  valleys  an  appearance  of  having 
been  rubbed  back,  as  if  the  valley  had  been  widened  by  glacial  erosion. 

The  explanation  of  these  phenomena  appears  to  be  complex.  They 
are  apparently  due  in  part  to  the  widening  of  the  lake  valley,  in  part  to 
the  clogging  of  the  tributary  valleys  with  drift  near  their  mouths  where 
the  enclosing  walls  were  lower,  and  in  part  to  the  proximity  of  the 
terminal  moraine,  which,  in  the  more  southern  valleys,  actually  furnished 
the  drift. 

Cayuga  Tjdke  and  Valley. — In  the  valley  of  lake  Cayuga,  commencing  at 
the  divide  near  Summit  marsh,  where  the  elevation  is  about  625  feet 
above  the  lake-level,  or  a  little  over  1,000  feet  above  sealevel,  the  topog- 
raphy is  comparatively  rugged,  the  hills  rise  steeply  on  either  side,  and 
from  them  streams  flow  in  deep,  narrow  valleys,  evidently  preglacial  in 
age.  The  entire  topography  indicates  that  there  has  been  very  little 
glacial  erosion  at  this  point,  and  also  very  little  drift  filling,  excepting  in 
the  main  valley.  The  exact  depth  of  the  drift  at  the  divide  cannot  be 
told,  but  it  does  not  appear  to  be  great.  It  has  the  appearance  of  a  true 
divide  of  destructional  origin,  and  not  one  of  constructional  origin,  con- 
sisting of  glacial  d6bris,  as  has  been  suggested  by  some.  Indeed,  firom 
the  steepness  of  the  walls  and  the  depth  of  the  valley,  it  seems  as  if  the 
preglacial  divide  must  have  been  higher  than  now,  having  been  lowered 
by  glacial  erosion. 

North  of  Cayuga  lake  valley  is  a  considerable  accumulation  of  morainic 
material  referred  by  Chamberlin*  to  the  terminal  moraine  of  the  second 
glacial  epoch.  This  occupies  the  valley  from  the  divide  nearly  to  Ithaca, 
a  distance  of  about  ten  miles ;  but  it  is  at  this  point  confined  to  the 
valley.  Although  narrow,  rarely  having  a  width  of  more  than  a  mile, 
it  is  extremely  well  developed  and  typical  and  appears  to  be  deep. 

This  moraine  gradually  disappears  beneath  the  growing  delta-flat 
ui)()n  which  the  city  of  Ithaca  is  built  and  whose  margin  is  continuous 
with  the  sub-lacustrine  delta.  The  delta  has  a  width  of  nearly  a  mile 
and  a  length  of  more  than  two  miles.  The  hillsides  come  steeply 
down  to  this  plain  and  disappear  beneath  it.  They  do  not  gradually 
merge  into  this  plain,  which  is  a  true  lacustrine  delta,  modified  only 
slightly  by  extremely  flat  alluvial  fans  associated  with  the  torrential 
creeks  which  enter  the  valley  from  the  hillsides. 


•  Third  Ann.  Report,  U.  S,  Geol.  Survey,  1S83,  pp.  353-360. 
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From  the  luargui  of  the  delta,  lake  Cayuga  extends  northward,  with 
a  slightly  ft uxuous  course,  for  a  distance  of  nearly  forty  milen,  and  with 
a  width  varyiu'^  from  one  mile  near  Ithaca  and  Ludlow ville  to  niort- 
than  three  miles  opposite  Aurora.  The  enclosing  hills,  which  near  th*- 
southern  end  are  high  though  gently  sloping,  gradually  decrease  in  ele- 
vation and  angle  of  slope  toward  the  north,  and  near  the  northern  end 
have  practically  disappeared.  At  this  end  the  outlet  is  through  an 
extensive  swamj).  On  both  shores  of  the  lake  there  are  high  cliffs,  hut 
they  are  particularly  well  developed  on  the  eastern  shore,  indicatiiii; 
that  waves  had  a  share  in  their  formation. 

The  surface  of  the  lake  is  378  feet*  above  sealevel,  but  at  tlie  det^pesi 
point,  near  the  middle  of  the  lake,  there  is  a  depth  of  435  feet.  For  a 
distance  considerably  more  than  half  its  length  the  bottom  of  the  lake 
is  below  sealevel,  and  at  the  deepest  point  the  bottom  is  57  feet  below 
tide-mark.  The  lake  is  distinctly  deeper  at  its  southern  end,  or  at  lea^^t 
in  its  southern  half.  For  nine  miles  from  the  northern  end  the  depth 
does  not  exceed  100  feet  at  any  point,  while  at  the  southern  end  a  depth 
of  200  feet  is  found  at  a  distance  of  one  and  one-half  miles  from  the 
delta,  and  at  a  distance  of  three  miles  the  depth  is  300  feet. 

Seiieca  Lake  and  Valley. — The  valley  of  Seneca  lake  exhibits  very  nearly 
the  same  features,  but  the  lake  is  about  five  miles  shorter,  the  surface  ii* 
440  feet  above  sealevel  and  the  greatest  depth  is  618  feet,  or  178  feet 
below  sealevel.  Almost  everywhere  the  lake  is  over  300  feet  deep,  and 
more  than  half  the  lake  bottom,  the  southern  half,  is  over  500  feet  below 
the  surface,  or  distinctly  below  sealevel. 

Professor  Brighamf  points  out  that  these  two  lakes  are  situated  with 
their  northern  ends  in  the  comparatively  hard  Helderberg  rocks,  the 
lakes  themselves  being  in  the  soft  Marcellus  and  Hamilton  shales,  while 
in  the  region  of  the  divide  to  the  south  the  strata  are  harder  and  more 
sandy.  This,  taken  in  connection  with  the  gentle  southerly  dip  of  the 
strata  and  the  greater  depth  of  the  lakes  in  their  southern  ends,  has  an 
important  bearing  upon  the  question  of  the  origin  of  the  lakes. 

Review  of  Opinions  of  previous  Writers.J 

It  is  not  surprising  that  a  region  so  peculiar  as  the  Finger  lake  di^- 
trict  should  have  attracted  widespread  attention,  ])ut  it  seems  extremely 
strange  that  until  within  a  year  or  two  no  one  should  have  seen  the  verv 

*The  facta  concerning  the  lake  bottom  are  obtained  from  the  rery  excellent  maps  prepared  >»>' 
the  Civil  Engineering  Department  of  Cornell  University. 

t  Bull.  Am.  Geograph.  Soc,  vol.  xxv,  no.  2, 1893,  p.  17. 

{Tiiis  does  not  pretend  to  be  an  exhaustive  statement,  butdiscuMse«  all  the  papers  which  th<^ 
author  has  been  able  to  tind. 
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plain  evidence  of  the  origin  of  these  valleys.  In  the  following  discus- 
ision  of  the  literature  it  will  be  found  that  opinions  of  different  kinds  are 
freely  expressed,  but  that,  with  few  exceptions,  reasons  for  these  opinions 
are  not  stated. 

The  first  geologist  to  describe  the  region  was  Vanuxem,*  who  points 
out  that  the  accordance  of  the  strata  on  the  two  sides  of  the  valley  pre- 
cludes faulting,  and  that  a  subsidence  of  the  bottom  is  too  extravagant  a 
supposition.     He  says : 

''The  lakes  to  the  Houth  of  Helderberg  range  are  an  important  and  interesting 
feature  of  the  district,  furnishing  facte  to  show  that  the  excavation  of  those  at  the 
west  end  of  the  district  (Cayuga,  et  cetera)  was  anterior  to  the  dip  of  the  rocks,  et 
cet^jra.  .  .  .  The  whole  oftiiese  lakes  differ  in  no  reaped  from  (tie  long  parallel  north 
and  wxUh  vaUeys  of  the  same  section,  but  in  depth  of  water  and  apparently  greater  depth  of 
excavation."  "f 

Being  puzzled  by  the  presence  of  rolled  stones  froai  the  north,  he  con- 
cludes that  the  original  flow  was  to  the  south,  but  the  height  of  the 
divide  seemed  to  preclude  that.  He  therefore  concluded  that  the  exca- 
vation was  accomplished  before  the  dip  was  given  to  the  strata. 

Vanuxem  s  discussion  of  the  lakes  ends  with  this  remarkable  truism, 
w^hich  deserves  to  be  kept  prominently  before  the  mind  in  all  investi- 
gations : 

**  Whatever  be  the  real  facts  as  to  the  flow  of  waters  in  opposite  directions,  patient 
investigation  in  time,  if  true,  will  harmonize  their  results;  for  truths  only  appar- 
ently conflict  with  each  other,  the  real  conflict  being  solely  in  the  minds  of  those 
<x*cupied  with  them." 

Dr  Hall,  speaking  of  the  same  lakes,  says :  J 

**  The  valleys  of  Seneca,  Cayuga  and  Crooked  lakes,  Canandaigua  lake  and  others^ 
are  of  nearly  equal  width  from  one  extremity  to  the  other,  with  nearly  perpen- 
dicular banks  above  the  water.  It  seems  hardly  possible  that  such  channels  could 
be  excavated  by  the  advancing  and  retiring,  waves  upon  a  coast  which  was  gradu- 
ally emerging  from  beneath  an  ocean." 

The  same  author  says :  § 

**They  (the  lakes)  are  all  situated  in  valleys  of  erosion ;  the  rocky  strata,  with  a 
filijrht  dip  to  the  south,  appearing  on  both  sides." 

One  of  the  first  to  describe  the  geology  of  the  Great  lakes  after  the 
glacial  hypothesis  had  become  fairly  well  established  was  Dr  Newberry, 
and,  although  his  descriptions  were  not  of  the  region  immediately  in 

•Geology  of  New  York,  Third  District,  vol.  ili,  1842,  p.  237. 
fThe  italics  are  not  in  the  original. 

t Geology  of  New  York,  Fourth  District,  toI.  iv,  1843,  p.  321. 
§  Ibid.,  p.  405. 
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hand,  it  seems  well  to  state  his  views,  since  they  are  exactly  those  tt> 
which  we  are  driven  by  recent  studies.  While  his  conclusions  seem  cor- 
rect, his  reasons  were  not  convincing,  as  will  be  seen  by  an  examination 
of  the  following  pages,  in  which  the  opinions  of  later  students  are  given- 
He  says,*  Ontario  and  the  other  lakes — 

"  are  excavated  basins,  wrought  out  of  once  continuous  sheets  of  Hedinieiitary 
strata  by  a  mechanical  agent,  and  that  ice  or  water,  or  both." 

Again  he  says :  f 

"  No  other  agent  than  glacial  ice,  as  it  seems  to  me,  is  cajmble  of  excavating 
broad,  deep,  boat-shaped  basins  like  those  which  hold  our  lakes." 

Kssentially  these  conclusions  are  repeated  by  this  author  in  other 
publications,  both  earlier  and  later.  J     In  one  of  them  §  he  says : 

"  I  had  claimed  the  existence  of  an  ancient  river  flowing  from  Lake  Superior 
through  the  lake  basin  and  down  the  Mohawk  valley  into  the  trough  of  the  Hu«l- 
son,  and  thence  to  the  ocean  by  New  York.  The  valley  of  this  stream,  locally 
expanded  into  boatrshaped  basins  by  glacial  action,  according  to  my  view,  forme<l 
the  basins  of  the  Great  lakes." 

Shnonds  ||  shows  that  there  are  in  this  region  two  classes  of  valleys — 
gorges,  "  true  valleys  of  erosion,"  and  rounded,  smoothed  valleys.  Of 
the  latter  he  says : 

**  Noting  in  addition  (to  their  even  slope)  the  depth  at  which  the  water  flows, 
and  the  small  number  of  cascades  and  waterfalls,  the  conclusion  is  at  once  reached 
that  these  valleys  have  been  acted  upon  by  some  agency  not  now  in  operation." 

He  can  easily  understand  the  gorges,  but  cannot  explain  the  broad 
valleys  by  erosion,  and  therefore  concludes  that  "  these  deep,  well  worn 
valleys  are  undoubtedly  the  result  of  glacial  action."  According  to  this 
author,  the  glacier  divided  near  the  present  site  of  Ithaca,  one  lobe  mov- 
ing southward,  the  other  carving  out  the  valley  of  Six-mile  creek. 

This,  which  seems  to  be  the  first  statement  of  the  glacial  origin  of 
Cayuga  valley,  is  based  upon  the  inability  of  the  author  to  conceive  of 
the  fonnation  of  a  broad,  deep  valley  by  river  erosion  and  transporta- 
tion. It  seems  strange  that  he  should  not  have  noticed  that  this  valley 
was  but  one  of  a  type  which  exists  in  that  region  with  directions  vary- 
ing through  all  degrees  of  the  compass,  and  hence  that  all  are  not  capa- 
ble of  explanation  by  glacial  erosion. 

•  Geologipal  Survey  of  Ohio,  vol.  ii,  1874,  p.  72 

fGeologicHl  Survey  of  Ohio,  vol.  ii,  1874,  p.  74. 

JProc.  Boston  Soo.  Nat.  Hist.,  vol.  Ix,  1862,  pp.  V2-46;  Annals  New  York  Lyceum  NaL  Hist,  vol.  ix, 
1870,  pp.  21.3-234;  Proc.  New  York  Lyceum  Nat.  Hist,  vol.  ii,  1874,  pp.  i:iC-138;  Proc.  Am.  Phil.  So<'. 
vol.  XX,  IH82-'H,3,  pp.  91-95;  and  elsewhere. 

gProc.  Am.  Phil.  Soo.,  vol.  xx,  l882-'8-3,  p.  93. 

I  Am.  xN'at.  vol.  xi,  1877,  pp.  49-61. 
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Foote  *  adopts  very  nearly  the  same  line  of  argument,  stating  that  he 
will  not  consider  **  whether  the  glacier  or  iceberg  theory  is  the  more 
j)robable,"  although  he  believes  that  both  agencies  were  employed.  He 
believes  that  the  valleys  were  made  into  Qords  by  wave  action  when  the 
land  was  elevated,  and  that  they  had  an  outflow  to  the  south.  These 
valleys  "  were  probably  much  deepened  by  the  gouging  action  of  the 
lobes  of  the  general  ice-sheet  which  flowed  down  their  channels." 

Writing  in  1880,  Carllf  says  of  the  Great  lakes,  and  presumably  also 
of  these  lesser  lakes,  that  '*  the  basins  of  the  Great  Lakes  were  formed  by 
the  widening  and  deepening  of  old  river  valleys  through  the  agencies  of 
ice  and  sub-glacial  water."  Shaler,J  following  Ramsay,  says  ^'  the  lakes 
of  Switzerland,  [and]  those  of  New  York  and  New  England,  are  good 
and  familiar  instances  of  this  work  " — glacial  erosion. 

On  the  other  hand,  Spencer  §  arrives  at  the  opposite  conclusion,  for 
he  says : 

"  Though  the  bottoms  of  these  lakes  (Finger  lakes)  are  frequently  below  the  sea 
level,  yet  in  no  case,  that  I  am  aware  of,  are  they  nearly  as  deep  as  lake  Ontario. 
Doubtless  these  small  lakes  were  former  expansions  of  the  rivers  running  into  lake 
Ontario  in  Preglacial  times,  and  owe  to  ice,  simply,  the  closing  of  their  outlets  by 
drift." 

Professor  Davis  ||  partly  agrees  with  Spencer,  g,nd  writes  of  lake 
Cayuga  as  follows : 

**  Its  trough  was  cut  by  an  old  stream  flowing  from  the  New  York  and  Pennsyl- 
vania plateau,  northward  into  lake  Ontario,  at  a  time  when  the  drainage  of  the  re- 
gion ran  in  channels  considerably  below  present  river-levels ;  glacial  erosion  has 
probably  smoothed  and  deepened  it,  but  to  suppose  it  entirely  so  formed  would 
imply  the  production  of  a  tongue  of  ice  from  the  front  of  the  old  glacier,  peculiar  in 
form  and  remarkable  in  erosive  power;  the  supposition  that  it  is  the  result  of 
down  Suiting  or  local  subsidence,  is  negatived  by  the  absence  of  disturbance  in  the 
neighboring  hills ;  to  call  it  a  rock  basin  is  entirely  unwarranted,  for  its  prolonga- 
tion north  of  the  lake  is  across  a  great  drifl^area,  without  rock  in  place.  The  form 
of  the  trough  is  different  in  no  important  particular  from  valleys  of  evident  erosion 
in  non-glaciated  regions.** 

In  the  next  descriptions  we  find  the  opposite  view  stated,  and  in  this 
connection  Johnson  ^  says — 

"That  these  lake  basins  were  excavated  by  glacial  action,  seems  almost  self- 
evident,  and  is,  indeed,  almost  universally  admitted.     Their  radiated  arrangement. 


•  Notes  upon  the  Geological  History  of  Cayuga  and  Seneca  Lakes,  1877. 

fOeoI.  Survey  of  Pennsylvania,  III,  1880,  p.  331. 

t  Illustrations  of  the  Earth*s  Surface,  1881,  p.  52. 

iProc.  Am.  Phil.  Soc.  vol.  xix.  1881,  p.  a33. 

1  Proe.  Boat.  Soc.  Nat.  Hist,  vol.  21, 1882,  p.  359.  Professor  Davis  has  a  very  important  paper  on 
"^iiaoial  Erosion'"  in  the  next  volume,  22,  pp.  19-58.  in  which  the  subject  of  rock  basins  is  dis- 
cUHBed  on  page  50. 

1  Annals  New  York  Acad.  Soi.,  vol.  U,  1882.  p.  260 ;  see  al»o  Trans.  N.  Y.  Acad, .  Sci.vol.  i,  1882,  p.  78. 
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in  my  opinion,  admits  of  but  one  explanation,  namely,  that  they  were  cut  by  on^ 
and  the  same  ^reat  glacier,  whose  margin  was  broken  into  several  streams  in  crr>p*- 
ing  the  mountain  ridge,"    «    ♦    * 

One  of  the  firat  descriptions  of  the  region  from  the  standpoint  of  the 
modem  school  of  glacial  geology  is  by  Chamberlin,*  who,  after  describinji 
'  the  region,  says  : 

**  That  these  troughs  were  the  preglacial  cliannels  of  streams  does  not  seem  to  me 
to  admit  of  reasonable  doubt ;  but  that  there  was  a  selection  and  moulding  by  g]a<*ial 
corrasion  seems  equally  clear,  those  channels  that  lay  in  the  directions  that  would 
have  been  pursued  had  the  ice  moved  on  a  uniform  floor,  being  ground  out  widtT. 
deeper,  straighter,  and  smoother,  while  those  in  transverse  directions  were  measur- 
ably filled  and  obscured.  The  whole  region  shows,  in  the  most  beautiful  manner, 
the  subduing,  softening  effects  of  glacial  grinding  and  deposition,  without  tlu- 
obliteration  of  the  bolder  features  of  the  preglacial  configuration.'* 

This  is  almost  exactly  the  view  presented  in  the  present  paper  and  l»y 
Lincoln  and  Brigham,  as  stated  below;  but  Chamberlin's  statement  is  a 
broad  generalization,  based  upon  a  survey  of  the  entire  field,  and  is  not 
supported  by  definite  proof  that  this  is  the  actual  interpretation  of  the 
history  of  the  region. 

Spencer,t  writing  in  1890  of  the  lake  region  of  New  York,  is  unshaken 
in  his  old  opinion  that  they  are  no  more  than  river  valleys.  He  uses 
the  fact  that  the  bottoms  of  these  lakes  and  of  Ontario  are  below  sealevel 
as  evidence  of  a  preglacial  elevation  and  postglacial  depression  of  the 
land,  and  Upham,  in  the  same  volume,!  refers  to  this  point  as  proof  of 
the  same  alternation  of  level. 

Wright  also  agrees  with  these  authors,  and  says :  § 

**  Probably,  however,  they  (the  Finger  lakes)  are  not  due  in  any  great  degree  to 
glacial  erosion,  but  they  seem  to  occupy  north -and-south  valleys,  which  had  been 
largely  formed  by  streams  running  towards  the  St.  Ijawrence,  when  there  was.  by 
some  means  (probably  through  the  Mohawk  River),  a  much  deeper  outlet  than  now 
exists,  but  which  has  been  filled  up  and  obliterated  by  glacial  (UbrU,  The  ice 
movement  naturally  centered  itself  more  or  less  in  these  north-and-sowth  valleys, 
and  hence  somewhat  enlarged  them,  but  probably  did  not  deepen  them.  The  Uv, 
however,  did  prevent  them  from  becoming  filled  with  sediment,  and  on  its  final 
retreat  gave  place  to  water." 

An  important  stage  in  the  history  of  the  development  of  opinion  con- 
cerning the  origin  of  the  Finger  lakes  is  reached  by  the  publication  of  a 
paper  by  Dr  D.  F.  T.incoln  in  1892  *  Hitherto  opinions  based  upon 
general  considerations  have  been  freely  expressed,  but  nothing  definite 

•  Third  Ann,  Rep.  U.  8.  Geol.  Survey,  1883,  p.  358. 
t  Bull.  Geol.  Soc.  Am.,  vol.  1, 1890,  pp.  65-70. 
X  Bull.  Geol.  Soc.  Am.,  vol.  1,  !800,  p.  507. 

jjMan  and  the  Glacial  Period,  1892,  p.  94;  also  the  same  conclusion  is  reached  in  Wrijfht'a  l*'*- 
Age,  p.  323. 


OPINIONS    OF    PRKVIOUS    WRITERS.  347 

has  been  evolved.  There  are  two  opposite  schools,  one  holding  that 
the  lake  valleys  are  merely  river  valleys  clogged  with  drift,  the  other 
.sc*hool  that  they  are  river  valleys  enlarged  very  appreciably  by  glacial 
erosion.  Spencer,  Davis,  Uphain  and  Wright  hold  that  the  former  is 
the  case,  wlrile  Newberry,  Carll,  Shaler,  Johnson  and  Chamberlin  be- 
lieve in  the  hypothesis  of  ice  erosion. 

That  the  basins  are  not  entirely  ice  worn  is  proved  by  the  presence  of 
the  large  number  of  preglacial  tributaries  flowing  in  all  directions.  It  is 
not  strange  that  this,  taken  in  connection  with  the  general  form  of  the 
lake  valleys  and  their  rasemblance  to  mature  valleys  outside  of  the 
glacial  belt,  should  have  led  those  who  have  taken  a  cursory  glance  at 
the  region  to  conclude  that  the  lakes  are  merely  drift-dammed  rivers. 
This  is  the  more  natural  since  the  pendulum  of  opinion  has  of  late  years 
been  swinging  away  from  the  belief  in  glacial  rock  basin  erosion,  as  the 
result  of  the  fact  that  so  few  definite  instances  of  this  kind  of  work  have 
been  absolutely  proved,  notwithstanding  that  the  theory  has  been  ])efore 
us  for  thirty  years.f 

In  his  article  on  the  Finger  lake  region  Dr  LincolnJ  says : 
*VFroin  considerable  examination  of  the  country  included  between  the  four 
larger  lakes,  the  writer  has  been  led  to  set  a  moderate  estimate  upon  the  amount  of 
drift,  and  a  very  high  estimate  upon  the  amount  of  erosion  in  certain  parts." 

He  states  that  in  the  clifl',  which  extends  for  20  miles  south  of  Aurora 
on  the  east  side  of  lake  Cayuga,  there  are  undulations,  barely  disappear- 
ing beneath  the  surface  of  the  lake,  which  appear  to  represent  undula- 
tions in  the  old  surface.     He  says :  § 

*'  If  the  lake  were  drained,  the  present  mouths  of  tlie  brooks  flowinj?  in  these 
iioIlowH  would  be  a  mile  from  the  main  stream  which  presumably,  occupied  the 
axi.s  of  the  valley.  In  going  this  mile  they  would  fall  from  I]00  to  600  feet.  .  .  . 
The  inference  from  these  considerations  is  that  the  preglacial  river  which  has  heen 
di-veloped  into  Seneca  lake  must  have  occupied  a  level  many  hundreds  of  feet  above 
the  present  bed  of  the  lake."  || 

After  stating  that  rock  was  found  in  Geneva,  at  the  northern  end  of 
lake  Seneca,  at  a  depth  of  240  feet,  Dr  Lincoln  says :  ^ 

'*A  valley  three  miles  wide  between  existing  rock  ex{)osures,  and  .'JOO  feet  deeper 
than  the  present  lake  surface,  apparently  opening  to  the  north,  is  indicated  at 
Geneva:  some  of  this  depth  may  be  ascribed  to  glacial  action." 


•  Am.  Jour.  ScL,  vol.  xliv,  1892,  pp.  2l*0-:J0l ;  Dr  Lincoln  read  a  paper  upoQ  the  same  subject  before 
the  1S93  meeting  of  the  American  Assoc.  Adv.  Sci.,  which  the  author  has  not  seen.  See  bibliog- 
raphy. 

t  Ramsay:  Quiirt.  Jour.  Geol.  Soc,  vol.  xviii,  1802,  p.  185. 

:  Am.  Jcur.  Sci.,  vol.  xliv,  1892,  p.  297. 

^Am.  Jour.  Sci.,  vol.  xliv,  1892,  p.  298. 

g  Ibid.,  p.  299. 

f  Ibid.,  p.  301. 

XLVIII— Bull.  Okol.  Soc.  Am.,  Vol.  5, 1893. 
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Brigham,  in  a  very  excellent  description  of  the  region,  arrives  at  the 
same  conclusion  that  Dr  Lincoln  has  reached.     He  says  :* 

'*To  review  briefly,  we  suppose  the  basins  to  be  a  composite  resultant  of  valley 
etosion,  glacial  scoop  and  drift  barriers,  with  perhaps  a  slight  element  of  orography. ' 

Observations  and  Interpretations. 

Evidence  of  buried  Valleys, — Coming  from  a  field  where  the  evidences  of 
extensive  glacial  erosion  are  limited,  and,  indeed,  where  there  is  distinct 
evidence  of  slight  erosion,  the  author  attempted  to  employ  the  results  of 
his  New  England  experience  in  the  interpretation  of  the  history  of  lake 
Cayuga.  Thus,  while  nearly  every  da)'  he  looked  upon  distinct  evidence 
that  the  basin  of  the  lake  is  rock- walled,  he  did  not  see  the  evidence,  but 
was  blinded  by  the  simulation  of  preglacial,  mature  valley  forras.f 

The  evidence  upon  which  the  title  of  this  paper  is  based  is  of  two  kinds* 
that  of  the  buried  channels  in  the  cliff  side,  such  as  those  referred  to 
above  as  described  by  Dr  Lincoln,  and  the  evidence  of  some  of  the  larger 
streams  which  are  tributary  to  the  lake,  and  which  flow  in  preglacial 
rock  valleys  above  the  present  lake  surface. 

The  cliff  above  referred  to  is  on  the  eastern  shore  of  lake  Cayuga.  The 
rock  surface  rises  and  falls,  with  gentle  slope,  into  a  series  of  undulationi* 
of  alternating  hills  and  valleys,  the  latter  in  no  case  extending  more  than 
a  few  feet  between  the  lake  surface.  They  are  partly,  in  some  cases  com- 
pletely, filled  with  drift,  and,  excepting  where  revealed  in  cross-section  at 
the  lake  shore,  are  not  visible  in  the  topography.  They  certainly  seem 
to  be  river-formed  valleys,  and,  taken  in  connection  with  the  other  proof, 
it  seems  evident  that,  as  Dr  Lincoln  suggests,  they  really  are.  Aside 
from  the  valley  in  the  cliff  south  of  Aurora,  described  by  Dr  Lincoln, 
there  are  others  at  various  points,  one  of  which  shows  particularly  well 
on  the  lake  shore  about  midway  between  Ithaca  and  Ludlow^ville. 

Evidence  of  Salmon  Creek. — About  six  or  seven  miles  north  of  Ithaca, 
upon  the  east  side  of  the  lake,  there  is  a  tributary  to  the  lake,  known  as 
Salmon  creek,  upon  which  is  situated  the  town  of  Ludlow ville.  The 
creek  flows  in  a  broad,  mature  valley,  distinctly  preglacial  in  type,  which 
extends  nearly  southward  and  joins  the  lake  at  an  angle  of  20°  or  30*'. 
As  in  the  case  of  all  the  valleys,  except  the  postglacial  gorges,  the  hills 

*  Bull.  Am.  Geograph.  Soc,  yol.  zxy,  no.  2.  1693,  p.  16. 

t  While  the  facts  in  this  article  are  very  nearly  of  the  same  kind  as  those  pat  forward  by  Dr 
Lincoln,  the  author  discovered  them  entirely  independently.  At  the  time  Dr  Lincoln's  paper  va." 
published  I  was  so  strongly  convinced  that  the  valleys  were  river  valleys,  unmodified  by  ice,  thnt 
his  paper  produced  no  impression.  It  was  only  when  the  clearness  of  the  evidence  impresse*! 
itself  so  forcibly  on  my  mind  that  I  could  not  but  be  convinced  that  I  again  looked  at  his  papen 
and  found  that  he  had  the  same  kind  of  proof.  Therefore,  although  independently  worked  on(, 
the  facts  in  this  article  are  merely  confirmations  of  his  studies  and  deductions. 
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ri.se  gradually  on  either  side  to  the  plateau  level,  many  hundred  feet 
above  the  lake.  In  the  valley  bottom  there  is  a  drift  accumulation,  with 
a  depth  of  a  hundred  or  more  feet,  through  which  the  stream  has  cut  to 
tlie  rock  beneath. 

On  the  lake  shore  and  in  the  aide  gorges  the  shale  can  be  traced  in 
outcrops  with  practical  continuity  to  the  mouth  of  this  valley  on  eithe 
side,  so  that  the  preglacial  continuation  of  the  valley  is  not  buried  beneath 
drift  in  the  present  hillside.    There  is  no  gap  in  the  series  of  outcrops 
with  a  width  of  more  than  200  yards. 

Without  considering  whether  the  lake  valley  bottom  may  not  have 
dropped  down,  I  see  but  three  possible  explanations  of  this  phenomenon. 
Possibly  the  river  bottom  may  be  in  one  of  these  narrow  gaps.  Aside  from 
the  improbability  of  a  mature  stream  being  suddenly  transformed  to  a 
narrow,  young  gorge  at  the  very  point  where  there  happens  to  be  a  drift 
deposit,  the  evidence  in  Six-mile  creek,  and  in  the  buried  channels  just 
mentioned,  is  against  this ;  and  it  might  also  be  asked,  where  are  its  coun- 


CjcLyitt^CLljjxkp JSaZTTvofv  Creek, — . 

FiouEE  \.—OroM-9ettion  of  Lake  Cayuga  Valley  opposite  Salmon  Creek. 
Vertical  and  horizontal  scale  the  same. 

terparts,  for  such  a  condition  would  necessarily  be  widespread,  not  local. 
A  second  theory  may  be  that  the  lakeward  continuation  of  the  strealm 
(figure  1)  was  marked  by  a  fall  of  350  feet  in  less  than  a  mile,  notwith- 
standing the  fact  that  the  normal  fall  is  but  a  few  feet  to  the  mile.  This 
is  so  extremely  improbable  that  it  may  be  dismissed.  The  third  theory 
is  that  the  north  and  south  valley  has  been  ice-worn,  while  the  tribu- 
taries stand  at  their  preglacial  elevation,  except  in  so  far  as  they  are  drift- 
filled. 

Opposite  Salmon  creek  the  lake  has  a  depth  of  330  feet.  The  valley 
of  the  creek  is  a  rock-bottomed  valley  of  mature  type,  distinctly  not  post- 
glacial, but  of  the  usual  type  of  this  region ;  and  the  rock  bottom  of  this 
valley  is  about  20  feet  above  the  present  lake  surface.  We  can,  I  think, 
assume  that  this  valley,  which  is  transverse  to  the  ice  motion.,  was  not 
sensibly  deepened,  probably  not  deepened  at  all,  but  always  more  or  less 
clogged  with  drift,  as  it  was  when  the  ice  disappeared.  Consequently 
we  have  here  approximately  the  true  level  of  preglacial  Cayuga  river.  It 
was  20  feet  or  thereabouts*  above  the  present  level  of  the  lake  surface, 

*The  observation  in  Salmon  creek  is  not  exactly  on  the  lake  shore,  and  the  channel  of  Cayuga 
river  may  hare  been  on  the  western  margin  of  the  valley;  hence  this  elevation  is  liable  to  an  error 
of  a  few  feet. 
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or  350  feet  above  the  present  lake  bottom  at  this  point,  and  455  feet  abov*- 
the  deepest  point  in  the  lake. 

Eoidetice  of  Sir-mile  Creek, — At  the  head  of  the  lake,  in  the  city  of  Itluuii- 
the  valley  divides — one  part,  known  as  the  Inlet  valley,  eontinuiug  south- 
westwardly  and  then  southerly ;  the  other,  called  Six-mile  creek  valley, 
extending  in  a  southeastern  direction.  The  latter  is  evidently  a  tributary 
to  the  former,  which  was  the  preglacial  main  valley.  These  two  valK'y> 
are  the  ones  which  Simonds  *  and  Foote  f  believe  to  be  due  to  ice  action. 
They  are  both  distinctly  preglacial  in  form,  and  are  joined  by  mature 
tributaries. 

These  two  creeks,  in  conjunction  with  two  others,  Fall  and  Cascadilla 
creeks,  which  are  diverted  streams,  flowing  near  their  mouths  in  p<>>t- 
glacial  gorges,  have  constructed  the  deltji-flat  upon  which  Ithaca  is  built. 
I  am  unable  to  state  the  depth  of  this  delta,  but  it  appears  to  be  deep, 
and  may  have  a  de[)th  of  200  or  300  feet.  At  present  the  Inlet  and  Six- 
mile  creeks  flow  through  it. 

A  practically  continuous  rock  outcroj)  of  shale  can  ]>e  traced  from  a 
point  a  half  mile  north  of  this  valley  to  an  equal  distance  on  the  southern 
side.  The  valley  is  even  more  distinctly  rock-inclosed  than  that  of  Sal- 
mon creek,  and  the  lowest  point  is  fully  50  feet  above  the  lake  level,  and 
probably  more.J 

These  are  the  only  two  large  stream  valleys  that  have  been  examiuel, 
but  either  one  of  them  tiiken  alone  would  be  suflicient  proof  of  the  poiut 
They  have  been  practically  undisturbed  by  glacial  erosion,  although 
clogged  with  glacial  drift,  and  the  present  rock  bottom  is  essentially  the 
])reglacial  valley  bottom ;  it  certainly  was  not  lower,  although  it  may 
liave  been  higher.  .  The  north  and  south  valley  of  lake  Cayuga  is  sevenil 
hundred  feet  below  it,  and  its  depth  has  without  question  been  caused 
])y  glacial  erosion. 

Conditions  favoring  Fornintion  of  Rock  Badhs. — The  author  does  not  feel 
that  there  is  a  necessity  of  sui)porting  the  above  conclusions  by  an  expla- 
nation of  the  manner  in  which  the  ice  performed  its  work  of  basin  erosion, 
for  he  believes  that  the  facts  upon  which  these  conclusions  are  based  are 
sufficiently  definite  to  warrant  their  acceptance;  but,  being  a  recent  con- 
vert to  the  rock-basin  theory  of  lake  formation,  and  know^ing  the  difliculty 
which  he  had  in  convincing  himself  that  the  facts  were  as  stated,  he  wishes 
to  point  out  that  the  conditions  here  are  unusually  favora})le  for  the  for- 
mation of  rock  basins,  as  well  as  for  their  discovery.  If,  under  favorahle 
conditions,  rock  basins  can  be  formed  by  glacial  erosion,  who  shall  say 

•  Am.  Ntituralist,  vol.  xi,  1877,  pp.  49-.')l. 

t  Notes  upon  the  Goological  History  of  CayugH  and  Seneca  Laken,  1877. 

X  It  i$<  (liffieiilt  to  stato  exactly  the  elevation,  becauHC  tlie  stream  in  locally  diverted  by  the  ^Irif^ 
tilling  of  the  old  valley ;  but  I  have  preferred  to  give  the  minimum. 
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that  the  extreme  believers  in  this  form  of  glacial  erosion  are  not  nearer 
the  truth  than  those  who,  like  the  author,  have  been  inclined  to  doubt 
the  power  of  the  ice  in  this  direction? 

Since  beginning  this  study  it  has  occurred  to  me  to  question  whether, 
j\i<  in  my  own  case,  the  term  rock  basin  has  not  implied  mentally  more 
than  it  does  in  reality.  In  cross-sections  and  longitudinal  sections  of  lakes 
having  a  depth  of  several  hundred  feet  the  depth  is  greatly  exaggerated. 
Lake  Cayuga,  for  instance,  in  the  scale  adopted  by  the  engineering  de- 
partment of  Cornell  University,  has  a  depth  of  more  than  two  inches, 
while  in  reality  it  should  be,  on  the  horizontal  scale  adopted,  only  a  slight 
bulging  of  the  lower  part  of  a  line.  On  the  scale  used  in  that  map,  if  the 
vertical  scale  were  the  same  as  the  horizontal,  as  it  appears  to  be  at  a  glance, 
the  depth  of  the  lake  would  be  nearly  four  miles.*  This  same  point  is 
brought  out  by  Ramsay  for  lake  Geneva. t  Lakes,  even  deep  ones,  are 
therefore  mere  scratches  when  compared  with  the  mass  of  ice.  Their 
depth  is  extremely  slight  compared  with  their  width  and  length,  and  the 
ice  does  not  have  to  go  down  into  a  deep  hole  and  ascend  in  order  to 
erode  the  basin.  On  the  contrary,  it  needs  only  to  wear  irregularly,  and, 
w^here  conditions  are  favorable,  this  may  be  easily  done. 

In  the  Finger  lake  region  the  ice,  moving  from  the  northward,  after 
entering  the  valley  occupied  by  lake  Ontario,  found  its  progress  inter- 
fered with  by  the  rising  New  York-Pennsylvania  plateau.  Naturally  the 
north-and-south  valleys  furnished  lines  of  easiest  escape,  and  naturally, 
also,  the  ice  motion  was  here  more  powerful  and  the  ice  deeper.  That 
the  latter  was  true  is  proved  by  the  fact  that,  even  without  the  added 
depth  due  to  ice  erosion,  these  valleys  were,  at  the  beginning  of  the  glacial 
invasion,  at  least  700  or  800  feet  below  the  general  upland  level.  This 
increase  in  thickness  means,  other  things  being  favorable,  an  increase  of 
erosive  power.  While  this  of  itself  is  a  pure  deduction,  the  facts  in  the 
field  prove  its  truth,  for  at  the  head  of  the  lake  valleys  the  moraine  is 
thick  and  extensive,  while  upon  the  uplands  it  is  comparatively  incon- 
spicuous. Greater  deposition  means  a  greater  supply,  and  this  indicates 
more  erosion  and  more  motion  to  bring  new  supplies. 

It  is  a  striking  fact  that  almost  all  of  these  lakes  have  their  northern 
end  in  the  hard  Helderberg  limestone  and  their  southern  ends  and 
deepest  parts  in  the  softer  shales  of  Marcellus  and  Hamilton  age.  More- 
over, the  dip  is  gently  southward.  Perhaps  even  without  these  pecul- 
iarities the  ice  might  have  eroded  a  rock  basin ;  but  cetainly  this  soft, 
erumhly,  thin  bedded  and  well  jointed  shale,  dipping  away  from  the 

*  Brighnm  :  Ball.  Ara.  Geograph.  Soc,  vol.  xxv,  no.  2, 1893,  p.  15. 

t  Physical  Geology  and  Geograpliy  of  Great  Britain,  fourth  edition,  1874,  p.  170;  Quart.  Jour.  Geol. 
^»>(:.,  vol.  xviii.  18C2,  p.  185. 
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direction  from  which  the  ice  moved,  must  have  aided  in  increaaing  ili* 
depth. 

Chamberlin  *  in  discussing  the  possible  southerly  continuation  of  the 
preglacial  Cayuga  river,  points  out  a  fact  which,  in  considering  the  erosiv* 
power  of  glaciers,  is  of  much  importance.  He  shows  that  to  obtains 
great  accumulation  of  drift  we  must  have  great  erosion,  ju.st  as  in  tht 
case  of  railroad  construction  cutting  must  be  made  before  filling.  Hf 
therefore  considers  that  it  is  more  conservative  to  hold  that  there  is  con- 
siderable erosion  and  considerable  filling  than  that  there  is  practicdly 
no  erosion  and  vast  accumulation.  The  mass  of  morainic  drifl  at  tht- 
head  ot  Cayuga  valley  indicates  much  erosion,  and  Chamberlin  was  tlu 
first  to  j)oint  this  out,  although  few  seem  to  have  understood  the  im|x»r- 
ance  of  the  conclusion.     He  says :  f 

"  It  seenia  to  the  writt»r,  therefore,  quite  dear  that  the  aHsumptioti  that  invohv^ 
the  least  glacial  corrasion  is  not  that  which  denies  to  ice  any  notable  action  in  iW 
nioditication  of  the  toiK)graphy  of  the  rock  surface,  but  rather  that  which  afiI«llm^•^ 
that  the  roi*k  prominences  M'ere  ground  down  and  some  of  the  great  channels  *>f 
flow  excavated,  while  the  remaining  depressions  were  filled  with  the  debris." 

Rhythm  of  Deposition  and  Erosion. — It  is  a  striking  fact  in  this  r^ion. 
and  one  which  the  author  has  noticed  elsewhere,  in  parts  of  New  England, 
that  near  the  ice  margin  there  is  a  rhythm  of  ice-work ;  that  is  to  say, 
there  is  an  alternation  of  erosion  and  deposition.  On  a  small  scale  there 
is  the  same  phenomenon  illustrated  in  drumlins,  whether  we  exjJain 
them  by  one  or  the  other  of  the  two  most  probable  theories.  Like  a 
series  of  waves  with  trough  and  crest,  the  ice  appears  to  move,  or  j)er- 
haps  better,  like  the  meandering  river,  depositing  at  one  point  and  ermi- 
ing  at  another  with  a  rhythmic  curve  of  repetition.  In  the  valley  oi 
lake  Cayuga  there  is  a  moraine  at  the  south,  then  a  zone  of  rock  excava- 
tion, followed  to  the  northward  by  extensive  deposition  (or  comparative 
freedom  from  erosion)  %  in  the  form  of  j)arallel  drift  hills  of  drumlinoidal 
outline,  and  again,  I  believe,  by  extensive  erosion  in  lake  Ontario  basin. 
What  is  the  exi)lanation  of  this  ?  Is  it  universal  ?  This  rhythm  of 
glacial  work  impressed  itself  upon  the  mind  of  the  author  in  Xer 
England,  where  much  h^ss  develo])ed,  and  here  in  central  New  York  it 
appears  to  l>e  illustrated  in  almost  ideal  perfection. 

Northward  Flow  of  Cayuga  River. — Was  the  direction  of  flow  of  this  pre- 
glacial Cayuga  river  northward  or  southward  ?  Chamberlin  §  says  upon 
this  j)oint — 

♦Third  Ann.  Rep.  U.  S.  Geol.  Survey,  188:*,  p.  356. 

t  Third  Ann.  Rep.  U.  S.  Geol.  Survey,  1883.  p.  356. 

X  Johnnon  :  Tran>«.  N.  Y.  Acad.  Nat.  Sci.,  vol.  i,  1882,  pp.  77-80. 

^ Third  Ann.  Rep.  U.  S.  Geol.  Survey,  1883,  p.  3ij5. 
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* '  It  haB  been  a  somewhat  current  assumption  that  this  valley,  in  common  with 
tVie  adjacent  ones,  is  an  old  river  trough  that  discharged  southward  through  the 
SuBqiiehanna.  If  this  be  true,  and  no  allowance  \ye  made,  on  the  one  hand,  for  drift 
<iei>06it8  in  the  bottom  of  the  lake,  nor,  on  the  other,  for  glacial  corrasion,  the  total 
tiepth  of  the  drift  under  the  crest  of  the  moraine  nmst  exceed  1,000  feet,  and  this 
«lei>th,  approximately,  must  continue  Car  down  the  Chemung-Susquehanna  valley/' 

Now  that  much  of  the  depth  of  the  lake  is  proved  to  be  due  to  ice 
t^rosion  this  loses  some  of  its  force,  but  even  now  th^  depth  of  drift  must 
needs  be  nearly  600  feet,  which  of  itself  is  almost  incredible.  There  are, 
l:io^'ever,  abundant  and  sufficient  reasons  to  show  that  the  river  course 
was  north  and  not  south.  In  the  first  place,  the  divide  itself  has  every 
appearance  of  being  a  preglacial  divide,  modified  only  slightly  by  glacial 
<leposits.  It  is  doubtful  if  these  deposits  reach  to  the  height  of  the  pre- 
glacial divide. 

^Moreover,  the  general  plateau  slope  is  from  south  to  north,  and  this  is 
evidently  a  pr^lacial  slope.  Of  even  more  importance  than  this  is  the 
fact  that  in  the  present  head-water,  region  there  is  a  comparatively  ac- 
cented topography,  which,  though  still  mature,  is  strikingly  more  diver- 
sified than  that  to  the  north.  Gradually  the  main  valley  and  the  pre- 
glacial tributary  valleys  lose  in  height  toward  the  north,  and  near  thfc 
present  lake  outlet  the  valley  walls  retreat,  on  either  side,  as  a  very  even, 
gently  undulating  escarpment.  These  conditions,  since  they  are  pre- 
glacial, seem  to  prove  that  the  flow  was  northward,  and  very  few  com- 
petent observers  have  doubted  this. 

Since  this  point  is  of  vital  importance  to  the  remainder  of  the  argu- 
ment, and  is  the  one  upon  which  most  dependence  is  placed,  I  will,  in 
order  that  its  full  significance  may  be  seen,  restate  it,  even  at  the  risk  of 
repetition.  Cayuga  valley  is  a  preglacial  valley  enlarged  by  ice  erosion. 
Being  preglacial,  it  shares  with  the  other  similar  valleys  of  this  plateau 
the  mature  form  or  habit.  A  mature  valley  has  a  more  accentuated 
topography  near  its  head  than  near  its  mouth.  In  the  latter  portion  it 
is  broad,  the  valley  sides  are  low,  and  the  tributaries  enter  through  val- 
leys which,  near  their  mouths,  are  shallow.  As  the  head-waters  are  ap- 
proached the  valley  walls  become  steeper,  nearer  together,  and  the 
tributaries  enter  through  deeper  and  narrower  valleys  than  those  near 
the  mouth. 

This  is  a  fundamental  principle  of  river  development,  provided  there 
has  been  nothing  to  interfere.  There  appear  to  have  been  no  imme- 
diate preglacial  accidents  in  this  valley,  and  the  rock  throughout  its 
length  is  sufficiently  uniform  to  warrant  the  statement  that  these  condi- 
tionf«  must  be  looked  for  in  all  the  mature  streams  if  they  occur  in  one. 
Upon  the  line  of  this  argument,  therefore,  if  we  find  the  valley  becoming 
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less  accentuated  toward  the  north  and  the  tributaries  enterin<?  tliroun". 
shallower  valleys,  the  a^^sumption  is  warranted  that  this  is  the  direction 
of  flow.  In  lake  Cayuga  valley,  as  is  stated  in  the  first  section  of  thi.« 
paper,  this  is  the  case  in  the  northern  end.  This  argument  of  itself  setiii- 
to  me  conclusive,  and  the  others  are  introduced  merely  as  confirmation. 

But,  if  more  proof  is  needed,  we  may  point  to  the  preglacial  tributarit* 
of  Cayuga  river.  Six  Mile  creek,  al)out  a  mile  and  a  half  from  the  HkhI 
of  the  lake,  had  its  preglacial  channel  about  50  feet  above  the  pn*>«'nt 
lake  surface;  Salmon  creek,  seven  or  eight  miles  farther  northwar.. 
flowed  at  an  elevation  of  about  20  feet  above  the  present  lake-level.  a:i«i 
the  valley  near  Aurora  had  its  level  slightly  below  the  level  of  the  lak»- 
There  is,  therefore,  as  indicated  by  the  tributaries,  a  constant  river  sloi^ 
toward  the  north. 

Evidence  that  Lake  Ontario  is  a  Rock  Basin. — It  seems  to  nie  that  wi 
may  fairly  conclude  that  the  direction  of  flow  of  Cayuga  river  was  norlli- 
ward.  It  .was,  then,  in  all  probability,  tributary  in  some  way  to  tin 
stream  which  passed  through  the  valley  of  the  present  I^ke  Ontario, 
which  is  but  40  miles  distant;  but  at  present  the  surface  of  this  lake  i> 


Figure  2. — Preglacial  Valley,  Caytiga  Lake. 

ExAggeratefl  vertically  to  show  the  northward  Hlope  of  the  preglacial  Cayuga  river  aa  indicate  i 
by  the  trihatarie8. 

246  feet  above  sealevel  and  the  bottom  738  feet  below  the  surface,  or  41^2 
feet  below  sealevel.  Is  it  possible  that  Cayuga  river,  a  mature  stream  with 
a  gentle  slope  for  a  distance  of  40  miles,  should,  near  iU<  mouth,  so  in- 
crease its  slope  as  to  fall  about  800  feet  in  the  distance  of  40  or  50  niilcj'*^ 
Is  it  not,  rather,  that  Cayuga  river  flowed  with  the  normal  slope  aivi 
entered  a  river  whose  channel  was  not  below  the  present  surface  of  lake 
Ontario,  but,  on  the  contrary,  above  it  ? 

Here  the  inquiry  naturally  arises  as  to  whether  the  foregoing  f'M'U  (!<• 
not  indicate  that  lake  Ontario  is  also  a  rock  basin  ? 

It  may  seem  that  this  is  not  a  warranted  conclusion  and,  indeed,  it  i^ 
put  forward  only  tentatively,  as  a  suggestion,  in  the  hope  that  it  may 
stimulate  some  one  to  look  for  evidence  of  the  same  nature  as  that  u?e«l 
in  the  discussion  of  the  origin  of  Cayuga.  There  may,  it  is  true,  be  a  com- 
plication of  rock-folding  which  shall  make  the  problem  of  the  origin  of 
lake  Ontario  less  simple. 

The  evidence  seems  to  the  author  to  be  very  suggestive.  A  series  of 
valleys  extend  toward  lake  Ontario  and  reach  a  point  only  forty  or  fifty 
miles  distant,  the  intervening  area  being  a  drift-covered  plain.     Cayuga 
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at  least,  and  presumably  the  othera  also,  had  a  north  flow  unless  I  have 
entirely  misinterpreted  the  value  of  the  evidence.  The  mature  valleys 
of  the  upland  tributaries  to  this  main  stream  had  a  moderate  slope,  if 
we  may  judge  them  by  their  present  condition,  as  seems  to  me  justi- 
fiable. The  evidence  of  the  mouths  of  the  preglacial  tributaries  brought 
forward  in  figure  2  suggests  also  a  moderate  slope.  The  indications  are, 
therefore,  that  this  was  the  case  also  beyond  the  outlet  of  the  present 
lake  in  the  old  valley  now  buried  beneath  the  drift.  Even  granting  that 
this  river  had  a  very  irregular  course,  it  must,  provided  a  deep  valley 
passed  through  the  site  of  the  present  lake  Ontario,  have  had  an  ex- 
tremely rapid  slope,  much  more  rapid  than  would  be  expected  in  a 
mature  stream ;  and  the  diagram  (figure  1)  might  then  be  used  for  lake 
Ontario,  substituting  the  name  Cayuga  river  for  Salmon  creek,  and  lake 
Ontario  for  lake  Cayuga,  and  at  the  same  time  changing-  the  scale. 
It  therefore  seems  unlikely  that  it  did  have  this  slope,  but  that  the  slope 
which  appears  to  be  necessary  has  been  caused  by  glacial  erosion. 

It  is  interesting  to  note  in  this  place  that,  just  as  in  the  case  of  lakes 
Cayuga  and  Seneca,  lake  Ontario  has  its  greatest  depth  on  its  southern 
side,  and  that  the  deepest  point  of  the  lake  is  just  north  of  Cayuga  and 
Seneca,  where  the  greatest  glacial  erosion  in  the  Finger  lake  region  is 
accomplished. 

If  the  above  conclusion  be  true,  then  we  have  no  proof  that  the  inte- 
rior of  the  continent  in  this  region  has  been  depressed  since  the  glacial 
period,  nor  that  it  was  higher  iif  preglacial  times. 

Summary. 

Briefly  summarized,  this  paper,  after  a  description  of  the  topography 
of  the  region  and  a  summary  of  the  opinions  previously  held,  attempts 
to  prove  that  lake  Cayuga,  and  presumably  other  of  the  Finger  lakes,  is 
situated  in  a  rock  basin  with  a  maximum  depth  of  approximately  435 
feet.  The  nature  of  the  proof  is  that  the  preglacial  tributaries  to  this 
valley  are  found  to  be  rock-enclosed,  and  that  their  lowest  points  are 
above  the  present  lake  surface. 

It  presents  also  a  brief  discussion  of  the  reasons  why  a  rock  basin  was 
constructed  with  comparative  ease  in  this  region ;  and  a  rhythm  of  glacial 
<*rosion  and  deposition  is  suggested.  The  course  of  the  preglacial  Cayuga 
river  is  found  to  be  northward,  probably  tributary  to  a  river  which 
drained  at  least  one  of  the  Great  lakes,  Ontario.  As  the  tributaries  of 
Cayuga  river  prove  the  rock-basin  origin  of  lake  Cayuga,  so  also  the 
Cayuga  river  tributary  to  the  Ontario  stream  indicates,  that  lake  Ontario 
is  also  a  rock  basin. 
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Rklation  of  Archean  to  Paleozoic  Rocks. 

In  all  parts  of  Canada  where  the  Paleozoic  strata  come  in  contact  with 
the  underlying  Archean  rocks  the  latter  appear  to  j)ass  beneath  them 
with  very  much  the  same  contour  or  slope  as  that  of  their  modern  sur- 
fa(»e.  It  appears  evident  that  these  ancient  stratified  or  laminated  rocks 
have  been  tilted  to  their  present  high  angles,  and  that  their  included  in- 
trusive masses,  whether  of  granite  or  greenstone,  and  even  most  of  their 
(likes,  have  occupied  their  present  ])ositi()ns  relatively  to  each  other  before 
the  commencement  of  Paleozoic  time,  excepting  in  cases  where  faulting 
has  taken  place.  Not  only  is  this  so,  but  at  that  early  date  they  appear 
to  have  heen  worn  down  by  denudation  to  something  like  their  present 
superficial  aspect. 

What  has  become  of  the  vast  amount  of  debris  resulting  from  this 
denudation  ?    This  is  a  problem  of  American  geology  wliich  has  not 
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yet  received  much  explanation.     Between  the  time  of  the  folding  of  the 

Huronian  rocks  and  the  deposition  of  the  earliest  fossiliferous  beds  there 

must  have  been  an  interval  much  greater  than  is  commonly  supfxised. 

Throughout  the  vast  region  of  Canada  occupied  by  the  Archean  rock;? 

the  attitude  of  the  Huronian  and  Laurentian  strata  generally  approachtt? 

the  vertical,  and  their  surface  has  generally  been  cut  down  to  nearly ;. 

horizontal  outline,  which  is  only  slightly  raised  above  the  scAlevel. 

Lower  Silurian  strata,  especially  limestone,  unaltered  and  full  of  fossil, 

may  be  seen  in  many  places,  resting  almost  liorizontally  upon  the  ui»- 

turned  and  denuded  edges  of  the  crystalline  rocks,  and  yet  the  former 

contain  but  few  fragments  of  the  older  terranes,  and  they  occur  only  at 

the  very  contact,  showing  that  the  latter  had  a  hard  and  naked  surface 

when  the  Paleozoic  rocks  were  being  deposited  upon  them. 
I 

Evidence  of  pre-Paleozoic  Decay. 

Where  beat  displayed, — The  evidence  of  pre-Paleozoic  decay  of  the  an- 
cient surface  is*  more  discernible  upon  the  surfaces  of  masses  of  intrusive 
granite  than  upon  gneiss  or  other  foliated  rocks.  The  reason  of  this 
seems  to  be  that  in  the  bottom  of  the  deep  sea,  where  the  eating  away  o( 
the  rocks  appears  to  have  taken  place,  the  granite  was  more  susceptible 
to  disintegration  than  the  others.  Possibly  this  susceptibility  may  liave 
been  increased  by  a  somewhat  higher  temperature  in  the  intrusive  granite. 

"Oi-erw"  or  Pits  of  Decay. — The  northwestern  portion  of  George  island 
and  the  greater  part  of  the  township  of  Rutherford,  at  the  northwest  ex- 
tremity of  Georgian  bay,  consist  of  red  granite.  Wherever  the  surface 
of  this  rock  has  been  protected  from  glacial  action  it  is  found  to  be  eaten 
into  hollows  in  the  form  of  round  and  sack-like  pits  and  small  caverns. 
The  latter  generally  occur  on  steep  slopes  or  in  perpendicular  faces  of  the 
rock,  which,  however,  do  not  rise  to  any  great  height  in  this  vicinity. 
The  floors  of  these  caverns  are  usually  flat,  as  they  are  formed  by  the 
lower  sides  of  horizontal  joints,  while  the  roofs  are  arched  like  ovens. 
Whatever  may  have  been  the  agency  which  excavated  tliese  ovens,  it 
always  worked  inward  from  the  granite  face  and  upward  from  the  floor 
formed  by  a  joint,  the  rock  of  the  latter  not  being  affected,  but  remaining 
as  sound  here  as  elsewhere  along  the  joint-plane. 

One  of  these  caverns,  which  occurs  in  the  western  part  of  Killarney 
village,  opposite  to  George  island  above  mentioned,  and  which  is  shown 
in  figure  1  of  plate  15,  the  reproduction  of  a  photograph,  has  almost  the 
form  and  dimensions  of  the  clay  ovens  used  by  the  French  Canadians 
for  baking  bread,  while  other  caverns  in  the  neighborhood  bear  more  or 
less  resemblance  to  this  one;  hence  they  have  received  the  local  name  of 
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'•  ovens,"  which  may  also  be  adopted  for  convenience  as  their  geologic 
designation.  The  oven  shown  in  this  figure  measures  5  feet  deep,  8  feet 
wide  and  2}  feet  high.  Two  men  can  crouch  inside  of  it.  The  door  or 
entrance  is  18  inches  high  and  21  feet  wide,  which  are  also  about  the 
proportions  of  the  door  of  a  baking  oven  of  the  above  dimensions. 

The  pits,  which  occur  mostly  upon  the  nearly  horizontal  surface  of  the 
ixranite,  differ  from  glacial  kettle-holes  in  being  shallower,  seldom  quite 
circular  and  in  having  rough  walls.     The  sack-shaped  ovens  are  most  nu- 
merous upon  sloping  surfaces.     In  nearly  every  case  the  fundus  of  these 
hollows  is  pointed  up-hill,  arched  over  by  a  roof  having  a  thin  edge  o  ' 
rather  harder  granite  than  the  genera.1  mass,  and  is  in  the  form  of  a  seg- 
ment of  a  circle.     The  granite  around  these  pits  and  caverns  is  all  bare 
and   exposed  to  the  weather,  but  it  shows  no  decay  or  disintegration 
l)elow  the  immediate  surface.     Figure  2  of  plate  15,  the  reproduction  of 
a  photograph  taken  at  Killarney  village,  represents  this  condition.     Iti 
Home  places  near  by  it  is  partially  smoothed  and  striated,  as  if  the  glacier 
had  touched  it  very  lightly  and  planed  off  little  spots  here  and  there,  the 
fine  striee  running  south  30°  west,  but  at  half  a  mile  to  the  eastward  the 
granite  is  completely  moutonne  and  the  grooves  run  south  40®  west. 

Rocks  of  the  Huronian  Belt. 

The  portion  of  lake  Huron  between  the  main  north  shore  and  the 
Manitoulin  chain  of  islands  is  called  the  North  channel.  The  quartzites, 
.«?chists,  etcetera,  of  the  great  Huronian  belt,  standing  nearly  on  edge, 
.strike  very  regularly  about  east  and  west  for  many  miles  along  the  north 
shore  and  through  numerous  islands  of  this  channel.  A  few  miles  west 
of  I^a  Cloche  an  intrusive  mass  of  red  granite,  having  a  nearly  circular 
fonn  and  a  diameter  of  about  four  miles,  interrupts  the  run  of  the 
quartzites,  etcetera,  which,  however,  continue  their  regular  east-and-west 
course  on  either  side  of  it.  On  Benjamin  island  the  hills  in  the  central 
part  of  the  granite  intrusion  rise  to  a  height  of  160  feet  above  lake  Huron. 
Resting  on  the  southern  flanks  of  this  island  are  small  areas  of  Black 
river  limestone  near  the  level  of  the  lake,  while  larger  flat-lying  por- 
tions of  the  same  formation,  constituting  Amedros,  Clapperton  and  Hook 
islands,  approach  the  granite  closely  to  the  east,  south  and  west. 

Ancient  Erosion. 

Typical  Erosion  Surface. — Benjamin  island,  which  is  about  two  miles 
long,  consists  of  hummocks  of  granite  of  various  heights  up  to  160  feet, 
and  these  present  bluffs  toward  all  points  of  the  compass.     In  many 
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places  on  this  island,  where  the  rock  surface  has  been  sheltered  from 
glacial  action,  whether  level,  sloping  or  per[)endicular,  it  is  eroded  into 
pits,  hollows,  hummocks  and  knobs  and  has  a  very  rough  appearance. 
These  surfaces  bear  a  strong  resemblance,  on  a  large  scale,  to  the  pittt^i 
exterior  of  an  aerolite.  This  is  well  shown  in  figure  1,  a  drawing  from  a 
l)hotograph,  which  represents  a  granite  surface  on  Benjamin  island. 

The  hollows  sometimes  take  the  form  of  long  but  not  deep  caves,  uiidt- r- 
mining  the  perpendicular  faces  of  steps  in  the  rock  which  rise  at  inter- 
vals of  ten  to  twenty  feet  from  one  horizontal  joint  to  the  next  abov« . 
At  other  times  they  are  sack-shaped  cavities,  extending  from  a  few  iiiche- 
to  several  feet  into  the  rock.     As  on  George  island,  already  referred  to. 


Figure  I.— isVodod  Granite  Surface  near  the  north  End  of  Btnjtmin  Island. 


this  form  is  very  common  on  steeply  sloping  surfaces,  and  in  these  cases 
the  upper  side  of  each  cavern  is  generally  covered  with  an  arch  whicli 
thins  away  toward  the  front  (figure  2). 

In  half  a  dozen  cases  observed  on  Benjamin  island,  the  pits  at  various? 
heights  from  the  level  of  the  lake  u|)  to  100  feet  or  more  were  filled  in 
situ  with  horizontal  layers  of  the  fossiliferous  Black  river  limestone  like 
that  whicli  overlies  the  granite  at  lower  levels.  The  limestone  entered 
into  all  the  little  irregularities  of  the  pits  and  adhered  firmly  to  their, 
walls,  thus  helping  to  retain  its  hold  in  these  cavities  during  the  time 
the  present  surfiice  has  been  exposed  to  the  weather.  The  little  patches 
constitute  veritable,  if  minute,  inliers  of  jbhe  Black  river  formation.  The 
limestone  jjrobably  originally  filled  all  the  inequalities  in  the  granite 
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surface  on  which  it  was  deposited,  but  along  with  the  great  mass  of  the 
formation  was  removed  by  denuding  agencies,  mostly  prior  to  theglj^cial 
tjpoch. 

Figure  1  of  i>late  16  represents  some  arenaceous  limestone  remains  in 
^tttf^  in  one  of  the  pits,  on  a  steeply  sloping  granite  surface  at  the  south 
ond  of  Benjamin  island.  The  eroded  surface  of  the  rock  on  this  island 
also  occasionally  exhibits  curious  low,  circular  ridge^  three  or  four  feet 
in  diameter  and  three  or  four  inches  in  height,  weathered  out  of  the 
^nxnite  (figure  3).  Each  circle  is  surrounded  by  a  slight  depression, 
while  the  space  within  hai^  the  form  of  a  very  shallow  basin  with  a  small 
mound  rising  in  the  center.     The  granite  of  the  mound  and  the  annular 
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FxGUSB  %Swtwn  of  eroded  Surface  of  Oranite  unth  Lower  Silurian  lAmestone  reeling  upon  it. 

ridge  are  rather  finer  grained  than  the  surrounding  mass.     They  are  ap- 
parently of  concretionary  origin. 

Conditions  affecting  Erosion. — Under  what  conditions  did  the  ancient 
erosion  above  described  take  place  ?  The  facts  above  presented,  as  well 
as  others  about  to  be  mentioned,  would  appear  to  indicate  that  it  oc- 
curred at  the  bottom  of  the  deep  sea,  for  it  is  known  that  rock-surfaces 
do  sometimes  become  pitted  or  dissolved  under  deep  water.  If  this 
erosion  had  taken  place  on  land  we  should  have  evidence  of  deeper 
decay  in  the  substance  of  the  rock,  while  the  subsidence  of  the  land  to 
permit  the  deposition  of  the  fossiliferous  limestone  upon  it  would  be 
indicated  by  detrital  shallow- water  deposits,  such  as  sandstones  and 
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of  the  much  newer  rocks  were  deposited.  The  quartzites  appear  to  havo 
undergone  no  change  in  texture,  structural  attitude  or  even  surface  con- 
tour since  a  period  vastly  antedating  Silurian  time.  Such  facts  as  these 
indicate  pretty  clearly  that  the  physical  features  of  the  older  parts  of 
our  continent  had  their  origin  at  a  very  remote  period. 

River  and  Lake  Channei^s  due  to  Rock  Decay. 

The  writer  has  elsewhere*  shown  that  many  of  the  long,  straight  val- 
leys in  the  Archean  regions  of  Canada,  now  often  occupietl  hy  straight 
river  stretches,  hy  long,  narrow  lakes,  and  by  inlets  of  the  larger  lake;?, 
are  due  to  the  decay  and  removal  of  wide  greenstone  dikes  or  of  paral- 
lel dikes,  together  with  the  belts  of  rock  between  them.  When  the 
depressions  along  these  decayed  dikes  are  not  overspread  by  water  they 
form  valleys,  more  or  less  filled  up  with  drift,  so  that  the  greenstone  in  the 
bottom  may  be  only  exceptionally  exposed  to»  view.  Copious  springs 
frequently  issue  from  the  drift  in  these  valleys. 

The  long,  narrow  and  straight  inlets  of  the  northern  part  of  Georjriau 
bay  have  had  their  origin  along  the  courses  of  dikes  of  this  class.  Tho 
continuation  of  each  of  these  channels  out  into  the  bed  of  the  lake  in 
front  of  it  is  distinctly  marked  by  a  straight  line  of  deeper  soundings, 
having  the  same  direction  as  the  fiord  itself  Collins,  Key,  Henvey  and 
Byng  inlets,  each  about  twelve  miles  long,  but  averaging  only  200  or  300 
yards  in  width,  are  good  examples  of  these  fiords.  Among  the  more  con- 
spicuous of  the  long,  narrow  and  nearly  straight  valleys  of  the  Archean 
region  which  have  been  formed  in  the  manner  just  described  may  hv 
mentioned  that  of  Onaping  lake,  30  miles  long,  north  of  lake  Huron ; 
Long  lake,  52  miles  long,  north  of  lake  Superior,  and  Sepiwesk  lake  and 
Nelson  river  below  it,  96  miles  long,  north  of  lake  Winnipeg.  The  green- 
stone of  the  dike  or  dikes  along  the  course  of  these  channels  may  be  seen 
only  on  islets  and  points  or  in  patches  adhering  to  the  country  rock 
on  either  side.  In  the  case  of  Long  lake,  an  immense  greenstone  dike 
emerges  from  its  southern  extremity  and  runs  into  the  hills  in  the  same 
bearing  as  the  central  line  of  the  lake. 

The  course  of  the  Mattagami  river,  the  central  branch  of  the  Moose,  is 
guided  in  its  northward  trend  for  a  distance  of  IGO  miles  from  the  head  of 
lake  Kenogamisse  by  a  number  of  long  dikes  of  greenstone  from  200  to 
1,000  feet  wide,  all  having  nearly  the  same  direction.f  In  a  typical  sec- 
tion of  this  part  of  the  river  we  find  that  the  central  portion  of  the  dike 
is  coarsely  crystalline  and  more  deeply  eroded  than  at  the  sides  and 

*  Reports  Geol.  Survey  Canada,  1870,  p.  :m  ;  167A,  p.  315;  1678,  p.  16  CC;  Report  Bureau  of  Min^s 
Ontario,  1891,  p.  76;  Bull.  Oeol.  Soc.  Am.,  1890,  p.  300. 
t  Report  of  R.  Bell :  Geol.  Survey  of  Canada  for  1875,  p.  315. 
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than  at  present.  The  middle  Silurian  inlier  in  the  great  orographic  de- 
pression of  lake  Temiscaming  on  the  Ottawa,  which  will  be  again  referred 
to,  is  another  example  of  these  newer  and  undisturbed  strata  occupying 
ground  much  below  the  general  level  of  the  surrounding  country. 

On  the  north  shore  of  lake  Huron,  between  Killamey  village  and 
Spanish  river,  and  again  on  Grand  Manitoulin  island,  in  the  vicinity  of 
Sheguenda  and  westward  of  that  village,  the  Lower  Silurian  strata  rest 
almost  horizontally  upon  the  flanks  of  bold  bare  ridges  of  quartzite,  the 
stratification  of  which  stands  nearly  vertically.     The  angles  of  slope  of 
the  ancient  rock-surfaces  exposed  to  the  weather  along  the  crests  of  these 
ridges  are  continued,  as  far  as  can  be  observed  in  sections,  under  the 
newer  rocks  forming  their  flanks,  so  that  the  former  represent  only  the 
upper  parts  of  ridges,  once  much  higher,  but  now  partly  buried  under 
the  strata  which  accumulated  around  them  in  Silurian  times.     A  high 
ridge  of  quartzite  runs  along  the  north  side  of  Frazer  bay,  and  a  similar 
ridge,  but  less  elevated,  forms  the  northwest  side  of  Killarney  bay.     The 
summits  and  sides  of  these  ridges  are,  for  the  most  part,  thoroughly 
smoothed  and  striated  by  glaciation,  but  near  their  southern  bases  occa- 
sional spots  are  found  which  have  escaped  the  action  of  the  ice  and  whidi 
show  evidence  of  great  antiquity,  the  flinty  rock  being  worn  into  pits 
and  hollows,  but  with  no  sign  of  granular  or  textural  disintegration.     A 
broken  fringe  of  Black  river  limestone  skirts  the  base  of  the  quartzite 
range  on  the  northwest  side  of  Killarney  bay,  and  the  erosion  of  the 
spots  referred  to  may  be  of  pre-Paleozoic  date,  having  been  preserved  till 
now  by  a  thin  limestone  covering,  or  they  may  represent  portions  of  the 
surface  as  it  existed  immediately  before  the  glacial  epoch  which  have 
escaped  the  smoothing  action  of  the  ice,  but  this  is  not  so  likely. 

In  the  neighborhood  of  the  quartzite  ridges  only  those  beds  of  the 
newer  rock  which  are  in  contact  with  the  old  formation  contain  angular 
fragments  of  the  rocks  on  which  they  lie.  The  layers  containing  this 
debris  are  usually  of  no  great  thickness  and  the  fragments  themselves 
are  of  small  size;  but  close  to  Sheguenda,  to  the  north  and  south  of  the 
village,  are  pretty  thick  strata  composed  of  sharply  angular  pieces  of 
quartzite  of  all  sizes  packed  closely  and  confusedly  togetlier,  with  only 
enough  calcareous  cement  to  consolidate  them.  This  locality  is  about 
twenty  miles  south  of  the  main  Huronian  area  left  uncovered  by  Silurian 
strata  and  the  water  of  lake  Huron. 

On  La  Cloche  island  and  elsewhere  in  the  vicinity  numerous  ridges 
and  domes  of  Huronian  quartzite  protrude  through  the  flat-lying  Silu- 
rian limestones  and  shales,  so  that  the  former  resemble  massas  which 
have  been  forced  up  through  them  from  below,  whereas  they  are  only 
higher  portions  of  the  old  sea  bottom,  around  which  the  horizontal  beds 
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Absence  of  Paleozoic  Deposition  and  its  Significance. 

The  greater  part  of  the  Archean  area  referred  to  probably  never  re- 
ceived any  deposit  of  Paleozoic  rocks  upon  it,  so  that  although  numerou- 
long  and  deep  valleys,  such  as  those  which  have  been  referred  to,  existed 
since  an  earlier  period,  no  evidence  of  such  rocks  may  ever  be  found  in 
the  larger  number  of  them. 

The  depressions  already  mentioned  as  filled  with  outliers  and  project- 
ing tongues  of  Potsdam  sandstone  and  Black  river  limestone  along  the 
northern  boundary  of  the  Paleozoic  formations  between  Georgian  bay 
and  the  foot  of  lake  Ontario  also  go  to  prove,  as  we  have  seen,  that  the 
surface  of  the  Archeacn  rocks  had  been  reduced  to  something  like  its 
present  level  and  aspect  before  these  beds  were  laid  upon  them. 

Effects  of  glacial  Denudation. 

In  a  former  paper  *  the  writer  described  the  effects  of  glacial  denuda- 
tion in  forming  valleys  and  water  channels  along  the  courses  of  ancient 
lines  of  crushing  and  subsequent  decay  in  the  crystalline  rocks  north  of 
lake  Huron.  A  simila'r  effect  has  been  produced  in  this  region,  where 
groups  of  parallel  joints  run  close  together,  with  a  considerable  breadth 
of  more  solid  rock  on  either  side,  and  where  the  comparatively  thin 
walls  between  them  hav^e  become  softened  by  the  long  continued  pene- 
tration of  surface  water.  It  is  probable  that  the  deep  decay  along  th'ise 
joints  and  lines  of  fracture  took  place  in  pre-Paleozoic  times.  The  dis- 
integrated rock  along  them  was  removed  by  glacial  erosion  with  almost 
equal  facility,  no  matter  what  their  course  may  have  been,  even  where 
the  resulting  channels  are  narrow  and  lie  transversely  to  the  direction  of 
the  excavating  force.  A  good  example  of  this,  on  a  small  scale,  is  shown 
in  figure  2  of  plate  16,  which  is  taken  from  a  photograph  of  a  gap  in 
the  granite  on  George  island,  at  the  northwestern  extremity  of  Georgian 
bay. 

*See  Report  of  the  Ontario  Bureau  of  MlneK,  1892. 
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Introductory. 

In  this  paper  there  is  described  an  outlying  series  of  Paleozoic  rocks 
which  occupy  a  narrow  belt  extending  from  the  Archean  highlands  of 
New  Jersey  into  Orange  county,  New  York.  The  general  geographic 
relations  are  shown  in  figure  L  'Jlie  rocks  are  limestones,  shales,  con- 
glomerates, quartzites  and  flagstonas,  ranging  from  Middle  Cambrian  to 
Middle  Devonian  in  age.  The  harder  members  give  rise  to  high  rough 
ridges,  of  which  the  most  prominent  are  Skunnemunk,  Bearfort,  Bellvale, 
Green  Pond,  Copperas,  Kanouse  and  Bowling  Green  mountains.  Green- 
wood lake  lies  in  one  of  the  principal  valleys. 


♦Printed  by  permisnion  of  the  Director  of  the  United  States  Geological  Survey. 
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The  rocks  are  comprised  in  about  nine  formations,  of  which  the  dis- 
tribution and  structural  relations  are  shown  in  plate  17.  The  upper- 
most member  is  a  coarse  conglomerate  which  constitutes  the  higher 

portions  of  Skunnemunk  and 
Bellvale  mountains  in  New  York 
and  of  Bearfort  mountain  in  New 
Jersey.  Its  age  is  Middle  De- 
vcmian.  It  is  underlain  bv  a 
series  of  flaggy  sandstone  which 
merges  into  dark  shales  below. 
There  is  another  prominent  con- 
glomerate in  Green  Pond,  Bow]- 
ing  Green,  Kanouse  and  Cop- 
peras mountains  in  New  Jersey, 
and  some  smaller  ridges  in  New 
York,  which  is  somewhat  simi- 
lar in  character  to  the  upper 
conglomerate,  but  its  age  is  Upper 
Silurian.  There  are  also  thin  dis- 
continuous sheets  of  conglomer- 
ate or  conglomerate-quartzite  of 
Oriskany  age  and  a  few  small 
areas  of  conglomerate  associated 
with  the  Cambrian  limestone.  This  Cambrian  limestone  occurs  at  inter- 
vals along  the  margin  of  the  belt,  and  is  unconformably  overlapped  by 
the  various  other  members.  The  Helderberg  limestone  areas  are  in 
greater  part  associated  with  the  Oriskany  beds,  and  they  have  been 
found  at  many  localities. 


FiouRK  \.—  Oeologie  Map  of  northern  New  Jersey  and 
adjacent  Portions  of  New  York. 

The  areft  enclosed  by  the  broken   line    is  shown 
on  plate  17. 


The  Formations. 

Review  of  their  Investigation. — The  formations  have  been  assigned  to 
various  horizons  by  previous  observers  and  much  uncertainty  has  always 
prevailed  in  regard  to  their  ages.  A  list  of  the  principal  observers  and 
their  views  is  presented  in  the  accompanying  table,  page  360. 

E.  Emmons*  and  T.  Sterry  Huntf  have  expressed  an  opinion  that 
tlie  conglomerates  and  flags  were  representatives  of  the  first  graywacke 
of  Eaton,  but  they  do  not  appear  to  have  made  field  studies  of  the  region. 

The  principal  contributions  have  been  the  reports  by  Horton  and 
Mather ;    Cook,  1868 ;   Smock,  and  Merrill,  and  the  announcement  by 


•Geology  of  New  York,  Second  District,  Albany,  1842. 

t  The  Taconic  Question  in  Geology,  part  i :  Trans.  Roy.  Soc.  of  Canada,  vol.  i,  section  ir,  1883,  pp. 
120,  253-254. 
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Martin  in  1871  of  the  discovery  of  Devonian  plant  remains  in  the  flair> 
of  Skunneuiunk  mountain. 

The  classification  by  Horton  and  Mather  of  all  the  conglomerate  l>ed?* 
in  Orange  county  with  the  Shawangunk  grit  was  based  largely  on  thi- 
association  with  Helderberg  limestone  and  red  shales  near  Cornwall 
Station. 

In  the  "  (leology  of  New  Jersey,"  1868,  Cook  described  the  New  Jersey 
portion  of  the  region  in  considerable  detail,  and  in  the  accompanyinir 
colored  map  of  the  Azoic  and  Paleozoic  formations,  represented  the  ex- 
tension of  the  rocks  in  Orange  county.     The  principal  occurrences  ot 
fossiliferous  limestones  in  the  Green  Pond  region  were  announced  in  this 
report,  but  unfortunately  they  were  mistaken  for  the  Trenton  formation. 
As  the  conglomerate  of  that  region  was  clearly  seen  to  underlie  these 
lipiestones,  it  was  classed  as  Potsdam,  together  with  its  supposed  exten- 
sion northward  and  the  associated  flags.     This  opinion  prevailed  for 
many  years,  and  no  new  light  was  thrown  on  the  subject  until  the  dis- 
covery by  Martin  of  Devonian  plant  remains  in  the  flags  on  the  south- 
east slope  of  Skunnemunk  mountain.     This  discovery  did  not  appear  to 
attract  much  attention  until  in  1884,  when  Smock  reexamined  portions 
of  the  region  and  prepared  a  report  for  the  Annual  Report  of  the  State 
Geologist  of  New  Jersey  for  that  year.     Smock  found  additional  plant 
remains  in  the  flags,  and  pointed  out  that  as  the  conglomerate  which 
caps  Skunnemunk  mountain  lies  on  these  flags,  its  age  was  approximately 
Middle  Devonian.     Apparently  the  conglomerates  in  the  Green   Pond 
region  in  New  Jersey  were  su})posed  to  belong  to  the  same  horizon,  but 
lying  directly  on  the  Archean  to  the  eastward  and  on  **  Trenton  "  lime- 
stone to  the  westward. 

1  began  my  studies  of  the  belt  by  a  short  visit  in  the  autumn  of  18H4. 
and  I  have  revisited  it  many  times  since  for  short  trips.  In  the  summer 
of  1885  I  found  that  the  fossiliferous  limestones  in  the  Green  Pond 
region  were  Helderberg  in  age,  and  this  fact  was  communicated  to  tht- 
*ate  Dr.  Ci.  H.  Cook,  then  state  geologist  of  New  Jersey.  At  the  same 
^ime  it  was  ascertained  that  the  Green  Pond  conglomerate  was  under- 
lain by  the  older  limestones  east  of  Newfoundland,  and  from  these  two 
facts  it  was  inferred  that  it  was  approximately  Oneida  in  age.  Thr 
discovery  of  Upper  Silurian  fossils  in  the  overlying  limestones  was  aki» 
announced  to  Dr.  T.  Sterry  Hunt  early  in  1886,  and  by  him  published 
in  his  Mineral  Physiology  and  Physiography,  1886,  page  591. 

In  1886  Dr.  Cook  sent  Messrs  Britton  and  Merrill  to  examine  the 
Helderberg  limestones  in  the  Green  Pond  region,  and  further  supplies  of 
fossils  were  obtained,  together  with  Oriskany  fossils  from  an  associateil ' 
quartzite.     Dr.  Merrill  remained  in  the  region  for  some  time  and  workeil 
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out  some  local  features  of  structure  and  stratigraphy  which  showed  very 
<*learly  that  the  Green  Pond  conglomerate  was  approximately  Oneida  in 
age,  and  that  the  shales  west  of  Green  Pond  mountain  were  Lower  Devo- 
nian. He  states  near  the  conclusion  of  his  report  that  this  "  Oneida  "  con- 
glomerate extends  northward  along  the  western  ridge  of  Bearfort  moun- 
tain, but  no  extended  examination  was  made  of  the  region.  Cook  gave 
a  section  in  his  report  as  state  geologist  for  1885,*  in  which  a  central  ridge 
of  the  mountain  is  shown  as  *' Oneida  conglomerate"  (?)  flanked  by 
*'  Hudson  river  slate."  This,  as  will  be  shown  later,  is  an  error,  for  the 
conglomerates  are  the  Skunnemunk  beds  and  the  associated  flags  and 
shales  are  of  Hamilton  age. 

In  the  New  Jersey  map  for  1889  Cook  colored  the  conglomerates  of 
Bearfort,  Green  Pond,  Kanouse,  Bowling  Green  and  Copperas  mountain 
as  '*  Potsdam,"  and  the  slates  in  the  adjoining  slopes  and  valleys  as 
"  Hudson  river." 

In  1892  Mr  C.  S.  Prosserf  gave  a  resume  of  previous  writings  on  the 
belt,  and  discussed  at  length  the  age  of  the  plant  beds  in  Skunnemunk 
mountain  which  are  considered  Middle  Devonian  in  horizon. 

In  1893  Mr  A.  F.  Foerste  J  made  a  short  visit  to  the  region  about  New- 
foundland, and  states  his  opinion  that  the  conglomerate  is  Oneida,  and 
the  red  quartzite  Medina  in  age. 

Skunnemunk  Conglomerate. — In  its  typical  development  this  formation 
is  an  aggregation  of  quartz  and  quartzite  pebbles  and  bowlders  in  a  red 
or  reddish  quartzitic  matrix.  It  is  very  hard  in  texture  and  massively 
bedded.  The  pebbles  and  bowlders  in  greater  part  average  from  one  to 
two  inches  in  diameter.  Some  are  five  and  six  inches  in  diameter ; 
many  are  from  three  to  four  inches,  and  they  are  mostly  well  rounded, 
but  a  moderate  proportion  of  them  are  subangular.  They  are  closely 
packed  in  the  matrix.  White,  glassy  quartz  predominates  somewhat, 
and  the  contrast  of  this  material  with  the  red  color  of  the  matrix  gives 
a  characteristic  aspect  to  the  rock.  The  quartzite  pebbles  are  mostly 
dark  red  brown  in  color  and  they  sometimes  include  pebbles  of  quartz. 
More  or  less  finer  fragmental  products,  consisting  mainly  of  white  quartz, 
red  quartzite  and  red  argillaceous  materials,  are  included  in  the  matrix. 
In  Skunnemunk  mountain  the  conglomerate  constitutes  the  two  high 
crests  which  extend  along  the  center  of  the  range,  and  for  some  distance 
it  also  floors  the  deep  intervening  valley.  The  general  relation  of  these 
features  is  shown  in  sections  I  and  II  of  plate  17. 

The  mountain  is  everywhere  rugged,  but  the  conglomerate  area  is  ex- 

•^  Trenton,  1885,  plate  opposite  page  l(K». 

tNotfts  on  the  Geology  of  Skunnemunk  MounUiin,  Ornnge  (Joumy,  New  York  :  TrnnH.  New  York 
Acftd.  Sciences,  vol.  11,  pp.  13y-15l. 
t  Am.  Jour.  Sci.,  3d  iter.,  vol.  xlvi,  pp.  440-441. 
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ceptionally  so,  as  the  formation  gives  jise  to  high  cliifs  and  bare,  rooky 
slopes.  The  thickness  of  the  conglomerate  in  this  region  has  been  esti- 
mated at  300  feet  by  Smock,  and  this  estimate  appears  to  be  a  reasonab^ 
one.  In  the  basal  beds  the  pebbles  rapidly  decrease  in  size  and  nuniln-r 
and  the  matrix  becomes  a  gray  sandy  quartzite  which  constitutes  a  serie> 
of  beds  of  passage  into  the  great  mass  of  underlying  flags.  Owing  to  it- 
prominence  in  this  mountain  and  the  suitability  of  the  name,  it  is  pro- 
posed to  designate  the  formation  the  Skunnemunk  conglomerate. 

In  Bellvale  and  Bearfort  mountains  the  Skunnemunk  conglomerate 
attains  considerably  greater  development  than  it  has  northward,  for  it 
has  a  thickness  of  2,500  feet  in  the  widest  and  deepest  part  of  the  syn- 
clinal. As  the  axis  of  this  flexure  rises  to  the  south  and  to  the  north, 
the  amount  of  conglomerate  infolded,  gradually  decreases  and  its  an^n 
finally  terminates. 

The  character  ot  the  formation  in  Bearfort  and  Bellvale  mountiiins  i> 
very  similar  to  that  which  it  has  in  Skunnemunk  mountain.  In  it> 
lower  members,  however,  it  includes  for  some  distance  a  basal  series  of 
red  slates,  which  are  usually  overlain  by  a  greater  or  less  amount  of  red 
quartzitic  sandstones.  There  are  also  local  series  of  red  slates  and  streak> 
of  less  conglomeratic  material  higher  up  in  the  fonnation.  The  harder 
beds  are  traversed  by  many  small  veins  of  quartz,  which  add  consider- 
ably to  the  bright  variegation  in  the  colors  of  the  rock. 

As  the  lowest  beds  of  the  formation  come  into  the  flexure  in  Bellvale 
mountain,  they  are  seen  to  consist  of  light-colored  sandy  quartzites  con- 
taining few  pebbles,  but  much  checkered  by  small  quartz  veins.  On 
the  road  across  the  mountain  from  the  northern  end  of  Greenwood  lake 
the  flags  merge  upward  into  reddish  quartzite  containing  several  red  slate 
streaks,  which  gives  place  rapidly  to  a  thick  mass  of  coarse  typical  con- 
glomerate which  constitutes  the  crest  of  tlie  mountain.  On  the  western 
slope  the  reddish  quartzite  comes  up  on  the  other  side  of  the  synclinal 
and  is  underlain  by  three  to  ^ve  feet  of  bright  brown-red  slates  which  lie 
against  the  gneiss. 

South  from  the  road  the  mountain  widens  rapidly  and  opposite  th*' 
southern  end  of  Greenwood  lake  it  has  three  crests,  of  which  the  con- 
glomerate constitutes  the  two  western  ones.  The  region  is  very  higli 
and  steep,  but  it  is  crossed  by  two  gaps  near  the  lines  of  sections  VII 
and  VIII,  plate  17,  in  which  there  are  many  exposures.  In  the  north- 
ern gap  the  lower  members  on  the  eastern  limb  of  the  synclinal  are  ml 
quartzitic  sandstones  which  merge  into  a  great  mass  of  underlying  flap^ 
through  a  series  of  slabby  sandstones,  quartzitic  and  reddish  above  an<l 
softer,  thinner  bedded  and  light  gray  in  color  below.  In  the  axis  of  tlu* 
flexure  and  westward  there  is  a  great  thickness  of  red  conglomerate. 
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There  is  a  longitudinal  valley  along  the  boundary  of  the  crystalline  rocks 
at  the  western  mouth  of  the  gap,  which  is  apparently  underlain  by  red 
slates,  for  this  member  outcrops  along  the  slopes  southward.  Here  also 
for  some  distance  the  shales  are  underlain  by  a  few  feet  of  flags. 

In  the  southern  gap,  which  crosses  Bearfort  mountain  about  four  miles 
south  of  the  southern  end  of  Greenwood  lake,  the  exposures  are  some- 
what interrupted  by  swamp-filled  depressions  and  by  drift.  Beginning 
on  the  east  side,  there  is  a  basal  series  of  red  quartzitic  sandstones  and 
slates  which  lie  along  the  eastern  side  of  the  middle  ridge.  They  give 
j>lace  above  to  a  thin,  local  series  of  gray  flaggy  beds  which  are  overlain 
hy  the  great  mass  of  typical  conglomerate.  There  is  a  local  bed  of  red 
rfhales  in  this  conglomerate  not  far  from  the  axis  of  the  synclinal.  The 
basal  red  slates  with  red  pebbly  quartzites  which  underlie  the  conglom- 
erate are  exposed  at  the  west  end  of  the  gap  and  they  are  underlain  by 
.small  amounts  of  gray  flags.  Along  the  road,  a  mile  south  of  this  locality 
there  is  an  exposure  of  the  conglomerates  very  near  the  gneiss. 

In  the  r^ion  northwest  of  Newfoundland  the  Bearfort  mountain  rap- 
idly decreases  in  height,  the  synclinal  opens  and  rise^,  and  the  conglom- 
erate has  been  eroded  away.  The  red  and  gray  quartzite  beds  and  the 
re<l  slates  cross  the  end  of  the  mountain  around  the  rim  of  the  synclinal. 
The  red  slates  are  well  exposed  on  the  south  shore  of  the  new  reservoir  at 
Clinton  falls,  two  miles  northeast  of  Newfoundland,  overlying  the  flag 
series  and  the  synclinal  is  clearly  exhibited  by  them. 

The  age  of  the  Skunnemunk  conglomerate  is  not  definitely  known. 
It  is  suggested  that  it  may  represent  the  Oneonta  horizon,  for  the  deposi- 
tion of  the  Oneonta  formation  in  central  New  York  was  characterized  by 
an  abrupt  change  to  coarse  sedimentation.  Pos3ibly  the  age  is  later  than 
this,  and  the  formation  may  be  equivalent  to  the  coarse  beds  of  Chemung 
age  in  the  southern  Catskills,  or  it  may  be  a  purely  local  feature. 

BeUvale  Flags, — The  hard,  thin-bedded  sandstones,  which  contain  De- 
vonian plants  on  Skunnemunk  mountain,  extend  southward  through 
Bellvale  mountain  and  along  the  eastern  side  of  Bearfort  mountain 
nearly  to  Newfoundland.  They  merge  into  dark-colored  slates  below, 
but  the  horizon  of  transition  is  a  somewhat  variable  one.  The  greatest 
development  of  the  formation  is  along  the  eastern  side  of  Bearfort  moun- 
tain, where  the  thickness  is  not  less  than  2,000  feet.  In  the  eastern  part 
of  Skunnemunk  mountain  the  amount  has  been  estimated  by  Smock  at 
1,300  feet,  including  the  underlying  slates,  but  it  is  somewhat  greater 
than  this  to  the  northward.  The  flags  terminate  northward  in  the 
northern  slope  of  Skunnemunk  mountain  southwast  of  Cornwall  Station. 
.  The  rocks  present  some  variation  in  color,  hardness  and  thickness  of 
bedding,  but  the  predominating  character  is  a  dark  gray,  hard,  moder- 
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ately  fine-grained,  slabby  sandstone.  It  has  been  quarried  to  some  ex- 
tent northwest  of  Monroe  for  use  in  flagging,  but  the  quality  of  the  flai'> 
is  not  very  satisfactory.  Among  the  upper  members  there  are  scattered 
conglomerate  streaks,  of  which  the  most  prominent  is  a  twelve-foot  he<l 
in  a  prominent  spur  on  the  eastern  side  of  the  mountain  near  the  line  nf 
section  III,  plate  17.  The  upper  beds  are  massive  and  more  or  le>* 
(luartzitie,  and  it  is  thase  which  merge  into  the  Skunnemunk  congloiii- 
erate.  At  Clinton  falls,  west  of  Newfoundland,  these  massive  upper  \m\- 
are  finely  exjmsed,  underlying  the  red  slates.  They  are  there  and  at 
many  other  points  much  broken  and  gashed  with  veins  of  quartz.  A- 
Bellvale  mountain  consists  largely  of  these  flags,  it  is  proposed  to  desi*:- 
nate  them  the  Bellvale  flags. 

The  occurrence  of  the  plant  remains  has  been  referred  to  a  number 
of  times  in  preceding  pages,  for  they  have  affonled  most  important  evi- 
dence as  to  the  age  of  the  formation. 

They  comprise  the  following  species  :  Ijepidodendron  ga^piamtm,  Daw- 
son; Pdlophyton  princeps,  Dawson;  CnJamite^  trnnsithniSj  Goeppert,  and 
some  others  less  definitely  identified. 

Professor  D.  S.  Martin  was  the  original  discoverer  of  these  remain:*, 
which  he  found  in  an  opening  for  coal  on  the  southwest  slope  of  Skunne- 
munk mountain  at  a  point  about  a  mile  and  a  half  due  north  of  Monroe 
station.  Smock  found  additional  remains  in  the  old  flag  quarries  near 
by,  where  plant  fragments  are  abundant.  I  have  also  found  fragments 
at  Woodbury  falls,  on  the  opposite  side  of  the  mountain,  and  at  Clinton 
falls,  west  of  Newfoundland. 

Prosser*  has  recently  reviewed  the  occurrences  of  these  remains, 
obtained  new  supplies,  and  discussed  their  age.  The  conclusion  at  which 
he  has  arrived  is  that  the  plants  represent  a  Middle  Devonian  horizon, 
but  that  precise  correlation  is  not  practicable. 

Monroe  Shaks. — The  shale  series  underlying  the  Bellvale  flags  extends 
around  the  lower  slopes  of  Skunnemunk  mountain,  down  the  valley  east 
of  Bellvale  and  Bearfort  mountains,  and  over  a  wide  area  in  the  low 
region  north  of  Bowling  Green  mountain.  They  are  known  to  occupy 
the  valley  southeast  of  Milton  for  a  number  of  miles,  but  their  southern 
termination  is  not  yet  definitely  ascertained.  Their  greatest  thickness  if^ 
in  the  valley  and  slopes  south  of  Greenwood  lake,  where  it  amounts  to 
about  900  feet.  On  the  southeast  side  of  Skunnemunk  mountain  their 
thickness  is  greatly  reduced,  apparently  by  gradation  into  more  arena- 
ceous beds.  At  Monroe  and  al)out  the  northern  end  of  the  mountain 
they  have  a  thickness  of  about  200  feet.     The  most  extensive  exposures 

•Not«8  on  the  Geology  of  Skunnemunk   Mountain,  Orange  County,  New  York.    N.  Y.  Ac«d. 
Science,  Trans.,  vol.  11.  pp.  132-161. 
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are  in  the  valley  south  of  Greenwood  lake  and  in  Pea  hill,  near  Cornwall 
Station..  They  outcrop  in  characteristic  development  at  a  number  of 
points  about  Monroe,  and  this  name  is  suggested  as  an  appropriate  desig- 
nation for  them. 

The  rocks  are  dark  gray  to  black,  j&ssile  to  slaty  shales,  and  they  are 
nearly  everywhere  fossiliferous.  The  fossils  are  usually  not  numerous 
nor  conspicuous,  but  they  may  readily  be  found  by  (careful  searching. 
These  slates  were  considered  "  Hudson  River  "  in  age  for  many  years, 
and  they  are  not  unlike  the  Hudson  slates  in  general  appearance.  In 
1886  Britton  and  Merrill  ascertained  definitely  that  the  shales  in  the  area 
west  of  Green  Pond  mountain  were  Lower  Devonian,  as  they  overlaid 
the  Oriskany  grit.  Only  one  fossil  was  found  by  these  observers,  a 
P(dseone'do^  of  Upper  Devonian  horizon,  according  to  Professor  James 
Hall,  but  it  added  much  weight  to  the  structural  evidence.  During  the 
past  few  years  I  have  obtained  fossils  from  many  localities  along  the 
Greenwood  lake  valley  and  all  around  the  lower  slopes  of  Skunnemunk 
mountain.  Professor  James  Hall  kindly  examined  them  for  me  and  he 
finds  that  they  are  typical  lower  Hamilton  (group)  species.  The  most 
prolific  localities  I  found  were  along  the  shore  of  Greenwood  lake,  along 
the  roadside  two  miles  due  west  of  Monroe,  and  at  Pea  hill,  a  mile  south- 
west of  Cornwall  Station. 

Oi'iskany  Qiiartzites. — In  1886  Britton  and  Merrill  discovered  fossilifer- 
ous Oriskany  beds  at  Newfoundland  and  at  several  points  to  the  south- 
west. I  find  that  the  formation  also  occurs  at  intervals  northward  along 
both  sides  of  the  Devonian  belt,  but  it  is  much  less  fossiliferous. 

The  best  exposure  about  Newfoundland  is  that  described  by. Merrill 
which  is  just  south  of  the  turnpike  on  the  southern  and  eastern  slopes 
of  the  first  ridge  west  of  Kanouse  mountain.  This  is  about  750  yards 
east-northeast  of  the  depot.  The  ridge  is  heavily  drift-covered  and  there 
are  only  a  few  small  outcrops,  but  they  are  quite  abundantly  fossiliferous. 
Spirifer  arrectm  is  the  most  conspicuous  fossil,  but,  as  noted  by  Merrill, 
there  are  many  casts  of  other  brachiopoda,  apparently  including  Renssel- 
Lxria,  and  cyathopylloid  corals.  The  rock  is  in  greater  part  a  light- 
colored  quartzite  containing  quartz  grains  and  pebbles.  Some  portions 
are  calcareous  and  weather  to  a  loose  grit,  and  it  is  mainly  in  these  that 
the  fossils  are  exhibited, 

Merrill  mentions  another  locality  of  the  rock  south  of  Newfoundland 
depot,  but  here  the  fossils  are  not  so  well  preserved.  Along  the  western 
slope  of  the  Green  Pond  mountain  and  the  northern  and  eastern  foot  of 
Bowling  Green  mountain  there  are  occasional  exposures  of  the  grit,  and 
Ihere  is  a  small  mass  of  it  on  the  east  side  of  Green  Pond  mountain  at 
Middle  Forge.     The  thickness  in  the  Newfoundland  region  and  south- 

tlII-*Bi7LL    Gkoi.  Soc.  Am.,  Vol.  5,  1893. 
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ward  is  estimated  by  Merrill  to  be  50  feet,  but  owing  to  lack  of  continiiou? 
outcrop  across  the  formation  I  could  not  verify  this. 

North  from  Newfoundland  no  clear  exposures  were  foUnd,  and  tlu 
formation  appears  to  finally  thin  out  under  the  drift  on  the  western  i^lofn? 
of  Kanouse  mountain.  It  comes  out  again  ialong  the  west  shore  of  the 
southern  end  of  Greenwood  lake,  where  it  attains  considerable  promi- 
nence in  an  anticlinal  rido;e,  as  shown  in  section  VII,  plate  17.  In  the 
southern  end  of  the  ridge  there  is  a  synclinal  of  Monroe  shales,  and  ihf^ 
Oriskany  appears  along  its  base,  but  farther  north  for  some  distance  it 
constitutes  the  crest  of  the  ridge  along  the  lake  shore  and  comes  up  apun 
in  a  long,  rocky  island  in  the  lake.  North  of  this  island  it  constitutes  s 
small  point  three-quarters  of  a  mile  south  of  the  state  line,  where  it  i« 
overthrust  on  the  Monroe  shales.  The  rock  in  this  region  is  a  white, 
light  gray  or  buff  quartzite,  containing  much  coarse  sand  and  more  or 
less  quartz  pebbles.  A  few  indistinct  casts  of  fossils  were  observed  near 
the  southern  end  of  the  area,  but  they  do  not  appear  to  be  determinable. 
As  the  overlying  shales  contain  abundant  lower  Hamilton  fossils  and 
Helderberg  fossils  were  discovered  in  a  thin  streak  of  underlying  lime- 
stone, I  have  no  doubt  as  to  the  approximate  Oriskany  age  of  the  quartzite. 
The  thickness  here  is  about  28  feet.  This  area,  together  with  the  adjoin- 
ing belt  of  Green  Pond  conglomerate  and  quartzite,  were  shown  by  C'ook 
on  the  map  in  the  Geology  of  New  Jersey,  1868,  and  mentioned  in  the 
text  as  Oneida. 

In  a  knoll  just  north  of  the  northern  end  of  Greenwood  lake  there  is  a 
small  exposure  of  quartzite,  with  coarse  sand  grains  and  occasional  peb- 
bles, wliich  I  believe  to  be  Oriskany.  It  dips  conformably  under  the 
Monroe  black  shales,  but  is  not  exposed  in  contact  with  them*  It  i^ 
shown  in  section  VI,  plate  17.  The  valley  north  of  this  knoll  is  heavily 
drift-covered  and  the  extent  of  the  quartzite  could  not  be  ascertained. 

On  the  west  side  of  Bell  vale  and  Skunnemunk  mountains  there  are  a 
number  of  exposures  of  the  quartzite,  some  of  which  have  considerable 
prominence.  The  first  one  from  the  south  is  shown  on  section  V,  plate 
17.  It  is  a  mass  about  200  feet  in  length,  lying  on  the  east  slope  of  a 
ridge  of  Hudson  shale.  It  is  abruptly  terminated  by  a  cliff  southwanl 
and  appears  to  thin  out  to  the  northward.  It  dips  gently  to  the  ea?t 
and  passes  conformably  under  fossiliferous  Monroe  shales.  It  is  a  hard, 
white  quartzite,  containing  an  occasional  white  quartz  pebble  and  mon- 
or  less  coarse  quartz  sand.  Thirty  feet  are  exjiosed.  No  fossils  wort- 
found.  Half  a  mile  north  there  is  another  mass  of  the  rock,  similarly 
related  in  structure  to  Hudson  shales  on  the  west,  and  Monroe  shales  to 
the  east.  It  extends  for  about  a  mile,  and  the  glistening  white  rocks  in 
its  steep  eastern  front  render  it  a  conspicuous  feature.     It  contains  local 
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conglomerate  beds  of  white  quartz  pebbles  and  a  few  reddish  streaks. 
Ninety  to  one  hundred  feet  are  exposed. 

These  two  areas  are  shown  as  Oneida  on  the  map  of  the  Paleozoic  and 
Azoic  formations  accompanying  the  Geology  of  New  Jersey,  1868,  but 
I  believe  that  they  are  Oriskany.     They  are  very  similar  to  the  other 
Oriskany  beds,  and  have  the  same  relations  to  the  Monroe  shales.    Their 
proximity  to  the  Hudson  formation  is  due  either  to  overthrust  or  overlap. 
Unconformity  to  the  Hudson  beds  is  exposed  at  a  number  of  points,  par- 
ticularly at  the  southern  end  of  the  southern  mass,  and  it  appears  to  be 
due  to  overlap.     Along  the  strike,  a  mile  northeast  of  the  southern  end 
of  the  larger  mass  of  quartzite  above  described,  there  are  three  small 
lens-like  masses  of  the  quartzite, 
and  in  188f>  I  discovered  under 
the    southernmost    of   them  a 
limestone  containing  unmistak- 
able   Helderberg   fossils.     This 
.•strengthens    very    greatly    the 
view  that  they  are  all  of  Oris- 
kany age.    The  relations  of  this 
limestone  are  shown  in  section 
IV,  plate  17.     There  is  no  possi- 
V>ility  of  overthrust  at  the  base 
of  the   quartzite  at  this  point, 
and  the  conformity  of  the  over- 
lying Monroe  shales  is  clearly 
apparent. 

The  three  small  areas  consti-* 
tute  a  line  of  knolls  along  the 
foot  of  the  western  slope  of 
Skunnemunk    mountain,    and 

are  probably  part  of  a  continuous  layer,  which  is  cut  off  northward  by 
overlap  or  possibly  by  a  fault.  They  are  white  quartzites,  with  few  peb- 
bles, and  present  a  thickness  of  about  25  feet  at  greatest.  Along  the 
Hudson  shale  and  sandstone  and  crystalline  slo[)es  westward  there  arc 
two  small  outliers  of  similar  quartzite,  but  more  conglomeratic  in  char- 
acter, which  appear  to  be  deposited  across  the  unconformable  overlap  of 
Hudson  beds,  on  the  gneiss.  Smock  has  a  map  of  this  region  in  his 
paper,  in  which  one  of  the  areas  is  shown  as  Potsdam  and  the  two  over- 
lapping masses  as  Oneida.  No  fossils  were  found,  but  from  the  evidence 
above  presented  I  believe  the  masses  are  all  Oriskany.  The  areal  rela- 
tions in  this  district  are  shown  in  figure  2. 

In  this  map  the  three  lenses  of  quartzite  are  shown  on  the  right-hand 
side,  and  the  two  areas  of  conjjjlomerate  are  near  the  center.     The  latter 
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appear  to  be  remnants  of  shore  deposits  lying  against  the  gneiss  and 
some^gritty  sandstones  of  Hudson  age.  To  the  north  there  is  a  general 
overlap  westward  of  the  Monroe  shales  and  Bellvale  flags.  In  the  ex- 
treme southwest  corner  of  the  map  is  the  end  of  the  quartzite  due  west 
of  Monroe. 

Continuing  northward  along  the  same  valley  there  is,  between  Wood- 
cock hill  and  Skunnemunk  mountain,  a  ridge  of  considerable  prominence 
in  which  the  quartzites  are  again  exposed.  The  rock  is  a  white  con- 
glomeratic quartzite,  and  a  thickness  of  about  80  feet  is  seen.  No  fossil?; 
were  observed.  It  dips  eastward  with  perfect  conformity  under  Monroe 
shales,  in  which  many  lower  Hamilton  fossils  were  found.  It  is  cut  off 
on  the  westward  by  a  clearly  exposed  overthrust  along  which  it  sibuts 
against  the  Cambrian  limestone  and  for  a  short  distance,  against  some 
shales  of  probable  Hudson  age.  Its  relations  are  shown  in  section  II, 
plate  17,  and  in  figure  6,  page  390.  It  is  represented  as  Oneida  on  the 
map  accompanying  the  ''  Geology  of  New  Jersey,"  1868,  and  by  Smock 
in  the  section  in  his  paper. 

Two  miles  north  of  the  end  of  this  ridge,  at  the  northern  end  of 
Skunnemunk  mountain,  I  find  there  is  another  mass  of  the  quartzite 
•  brought  up  by  the  pitch  of  the  synclinal.  It  is  underlain  by  the  Heldcr- 
berg  limestones  at  the  Cornwall  Station  locality,  and  to  the  southward  is 
clearly  overlain  by  fossiliferous  Monroe  shales.  It  is  in  the  northern  end 
of  Pea  hill,  a  northern  foothill  of  Skunnemunk  mountain,  and  is  con- 
spicuously exposed  along  and  near  the  road  from  Woodcock  hill  t<» 
Cornwall  Station.  It  is  a  conglomeratic  quartzite  similar  to  the  others 
southward,  but  consists  mainly  of  somewhat  smaller  pebbles  and  large 
sand  grains.  No  fossils  were  found,  but  careful  search  was  not  made. 
About  30  feet  are  exposed,  and  the  area  of  outcrop  is  only  a  couple  of 
acres.  Its  relations  are  shown  in  section  I,  plate  17  and  in  figure  3. 
Possibly  other  exposures  of  the  Oriskany  may  be  found  along  the  edges 
of  the  Monroe  shales,  for  I  did  not  examine  its  entite  length.  There  are 
long  distances  in  which  there  is  drift  cover,  but  in  several  localities  the 
formation  is  apparently  entirely  absent. 

In  designating  the  formation  Oriskany  I  do  not  intend  to  give  the  im- 
pression that  it  is  precisely  equivalent  to  the  Oriskany  sandstone  of 
central  New  York.  Probably  the  sediments  comprise  the  greater  part 
of  Oriskany  group  if  the  sedimentation  was  continuous  in  this  belt. 

Helderberg  Liwsstone, — The  limestones  of  this  formation  occur  at  in- 
tervals along  the  belt  to  whieli  this  paper  relates,  and  their  characteristic 
fauna  affords  important  evidence  as  to  the  stratigraphic  position  of  the 
associated  formations.  The  most  interesting  locality  is  at  Cornwall 
Station,  where  the  occurrence  of  the  formation  was  announced  over  half 
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a.  century  ago  by  Horton  and  Mather.  The  discovery  of  the  southern 
e^c tension  of  the  formation  was  made  early  in  1885,  when  I  found  that 
tHe  so-called  Trenton  limestones  south  of  Newfoundland  and  at  Long- 
>vood  and  Woodstock  were  of  Upper  Silurian  age.  Slightly  later  the 
fossils  were  discovered  at  Greenwood  lake,  and  last  autumn  I  found 
tliem  in  Pine  hill,  northeast  of  Monroe. 

T   described*  the  Cornwall  area  in  considerable  deUiil  in  1886,  but  a 
resume  of  its  principal  features  may  be  of  interest  here. 

In  figure  3  are  shown  the  relations  in  this  region.     The  beds  have  an 
aggregate  thickness  of  about  40  feet  and  comprise  the  lower  Shaly  linie- 
stone,  Pentamerus  limestone,  and  water-lime  members.  They  present  their 
iisu^l  characteristics  and  faunas, 
especially   the    Shaly   member, 
which  is  very  fossiliferous.  but 
are  considerably  attenuated  in 
thickness.     They    are    exposed 
for   a  length   of  about  a  mile. 
The  lower  members  thin  out  or 
are  faulted  down,  in  the  south- 
ern part  of  the  area,  in  which 
the  Shaly  limestone  lies  direct- 
ly   on    Longwood    red    shalas. 
Along  the  contact  of  this  lime- 
stone and  the  shales  there  are 
local  developments  of  limonite 
which  were  worked  to  a  small 
extent    some    years    ago.     The 
Slialy  limestone  is  well  exposed 
in  the  old  ore  pits  and  contains 
a  varied  and  abundant  ftiuna,  which   was  described  in  detail  in  the 
paper  mentioned  above.     The  principal  exposures  in  the  northern  part 
of  the  area  are  in   the  cut  of  the  New   York,  Ontario  and  Western 
railroad.     Here    there   are  seen   fifteen    feet    of   massive,   dark    drab 
colored,   impuie     limestone    containing    Pentamcrns    galeatns,    Atrypa 
reticubiris  and  some  other  forms,  underlain  by  30  feet  of  thinner  bedded, 
impure,  dark-colored  limestone,  containing  Lepvrdiiia  nita  in  their  upper 
beds. 

The  Helderberg  formation  i)roba])ly  extends  around  the  Oriskany  area 
to  the  westward,  but  there  are  low  grounds  and  drift  in  that  direction 
and  no  outcrops  were  found.     To  the  soutliward  for  several  miles  there 

♦On  an  Area  of  Upper  Silurian  RocIch  near  Cornwall  Station,  ea>«tfrii  o^-utral  OruniCQ  County,  New 
Vork :  Am.  Jour.  Sol.,  3d  eer.,  vol.  .xxxi,  pp.  joo-'iio. 


MONMC  MALE  fll 

^"^J-^L     1 1 

8IMLV  LMRnKim 

M  ^^jls- 

WATHUManMCQ 

•.•:~'            afS'?   / 

^      "^     ^^""""ff^ 

miINMMOIML|^ 

^^^^^L.«PlrA 

<A 

:|^  y6JP  // 

1    Q^       ^^s4   /Jp^*  ^ 

K{Q     .^^kS^L    >^  ^ 

yHI^^If/'^^^^ 

^l^f^^m     I     Q>- ' 

^^J^^K^gdflV                    1     ^^              M 

v^^HJK       \          \  uuiBL^ 

FiouHE  :i.— Region  teat  and  mulh  of  Cornwnlt  Sfation, 
yew  York. 


380   DARTON — GREEN'  POND,  X.  J.,  TO  SKUNNKMUNK  MX.,  N.  Y. 

are  showings  of  iron  ore  at  several  points,  but  I  saw  no  exposures  of  tin 
associated  rocks. 

On  the  western  slope  of  Pine  hill,  which  lies  half  way  between  Corn- 
wall Station  and  Monroe,  I  have  recently  discovered  several  smal. 
outcrops  of  the  formation.  This  locality  is  about  half  a  mile  northea-t 
of  Highland  Mills  station  of  the  Newburg  branch  of  the  Erie  railroa^l 
The  beds  lie  on  a  great  mass  of  Ix)ngwood  red  shales  and,  as  at  Cornwali 
Station,  there  are  streaks  of  limonite  along  the  contact.  The  rock  ]>  a 
deeply  decomposed  sandy  limestone  of  light  buff  color,  and  it  contain- 
a  fairly  abundant  fauna.  Orthia  oblata,  Strophoinenu  rfioinboidaU^^  Spirij'^ 
mncropleuriis  were  the  most  clearly  marked  species  noticed,  but  fraii- 
mente  of  several  other  forms  were  observed.  The  thickness  is  about  .>" 
feet,  but  there  is  no  complete  section  exj)Osed.  The  overlying  formation 
is  Monroe  shale  containing  occasional  fossils.  The  .relations  at  thi> 
locality  are  shown  on  the  right-hand  end  of  section  III,  plate  17. 

There  is  a  small  showing  of  purplish  buff  shale  half  a  mile  south  "/ 
Highland  Mills  station  on  the  road  to  Central  Valley,  which  appears  t»' 
be  an  extension  of  this  area,  but  no  fossils  were  found.  In  the  surrouiKl- 
ing  region  and  to  the  southward  there  is  a  heavy  drift  cover.  On  tlv- 
opposite  side  of  Skunnemunk  mountain  there  occur  the  Helderherj 
limestones  mentioned  on  page  877  and  shown  in  figure  2.  Tlie  outcrop 
is  under  the  western  face  of  the  southernmost  area  of  Oriskany  quartzitc. 
and  the  thickness  of  the  bed  is  not  over  a  yard  or  two.  The  rock  is  a 
thin  bedded,  dark  l)lue  gray,  moderately  pure  limestone  and  the  fosi?iJ> 
are  rare  and  j)oorly  preserved.  They  were  examined  by  Professors  Hall 
and  Whitfield,  and  it  was  found  that  they  were  undoubtedly  Upper 
Silurian  in  age.  A  ventral  valve  of  Spirifer  ajcloptcnis  and  some  orinoifl 
stems  were  the  best  preserved  remains,  but  *Si.  miacnyphuras  and  Orthi^ 
oblata  were  less  clearly  exhibited.  The  beds  lie  on  the  light  blue  gray, 
glimmering  limestone  of  supposed  Cambrian  age,  but  the  contact  >va^ 
not  observed. 

Careful  search  was  made  for  the  extension  of  this  Helderberg  lime- 
stone under  the  other  quartzite  areas  northward,  but  owing  to  drift  and 
debris  no  exposures  were  found. 

The  next  exposure  southward  wa.s  discovered  in  1889,  on  the  western 
slope  of  Bellvale  mountain,  at  a  point  half  a  mile  north  of  the  road  from 
Greenwood  lake.  The  outcrop  is  a  very  small  one,  and  is  in  an  old  fieW 
near  the  bottom  of  the  slope.  The  rock  is  a  dark  gray,  moderately  pur^ 
limestone.  Only  one  fossil  was  found,  and  that  was  a  fragment  of  a 
badly  crushed  shell,  but  it  had  a  punctate  surface,  which  strongly  su^'- 
gested  Strophonella  pHnctuIifera,  Conrad.  It  was  clearly  jiot  a  fragment 
of  coral,  the  surface  of  a  tribolite,  nor  a  cast  of  Bucania  punctiferonnf,    Thf 
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underlying  rock  was  the  light  gray,  arenaceous  limestone  of  supposed 
C Cambrian  age  which  here  constitutes  a  small  outlier  resting  on  the  crystal- 
line  rocks. 

Adjacent  to  the  southern  part  of  the  Oriskany  quartzite  area,  near  the 
southern  end  of  Greenwood  lake,  there  is  a  small  showing  of  limonite, 
into  which  a  pit  was  sunk  some  years  ago.  This  pit  has  caved  in  and  • 
wiis  nearly  obliterated  at  the  time  of  my  visit,  but  on  some  of  the  mate- 
rial -which  had  been  thrown  out  in  its  excavation  I  found  a  few  small 
fragments  of  fossils.  One  of  the  remains  was  clearly  Orthis  obhia  and 
a  portion  of  Strophomena  rhomhoidalis,  or  possibly  Strophodonta  heckii, 
was  also  recognized.  The  bed  from  which  they  came  directly  under- 
lies the  Oriskany  quartzite,  and  is,  as  usual,  underlain  by  red  shales. 
so  that  there  is  here  the  normal  sequence.  To  the  south  there  are 
low  grounds  and  drift,  and  to  the  north  the  strike  carries  the  formation 
out  under  the  lake. 

The  Helderberg  formation  in  the  Newfoundland  region  and  to  the 
southward  appears  to  extend  continuously  for  a  long  distance.  The 
principal  exposures  are  in  the  synclinal  valley  between  the  northern  end 
t»f  Green  pond  and  Copperas  mountains  and  along  the  western  slope  of 
( ireen  Pond  mountain.  The  exposures  in  the  synclinal  begin  a  mile  and 
ji  c^uarter  south  of  Newfoundland  depot  and  extend  for  some  distance 
southward  up  the  valley  and  the  slopes  southeast.  The  rock  is  a  dark 
gray,  impure  limestone,  with  a  tendency  to  slaty  cleavage,  and  very  like 
the  Shaly  limestone  series  in  Ulster  and  Greene  counties.  Abundant 
f^h^tetes  hjcoperdon  of  the  ramose  variety,  various  bryozoons,  Atrt/pa 
reticularis  and  a  RhynchoaeUa  resembling  R,  nefjlecUi  of  the  Niagara  were 
the  best  defined  remains  which  I  found  in  1885,  but  Spirifer  Vanuxemi 
and  Merktella  sp.,  were  found  by  Britton,  according  to  Merrill. 

There  are  a  number  of  exposures  of  similar  limestone  along  the  western 
slope  of  Green  pond  mountain,  but  the  most  extensive  and  best  known 
are  in  old  quarries  southeast  of  Milton,  at  Woodstock  and  Upper  Long- 
woo«l.  The  fossils  I  obtained  here  and  those  mentioned  above  were 
kindly  examined  for  me  by  Professor  Whitfield.  At  Upper  Longwood 
the  most  abundant  remains  are  Chastetes  lycoperdon,  mainly  of  ramose 
form,  and  with  them  there  was  found  a  well  preserved  Mitchellena. 
There  were  an  Orthis  resembling  0,  elegantida,  Atrypa  retlcidarU^  Stro- 
ponelJn  Headleyana,  a  strophomena  resembling  5.  sitbplnna  of  the  Niagara, 
Streptorhynchus  woolioorthatifi^  fragments  of  Spirifer  probably  S.  perla- 
mellosiis  and  two  rhynchonella*,  one  like  R,  neylectn  of  the  Niagara  and  the 
other  apparently  a  young  individual  of  R,  nohilii*. 

These  limestones  lie  directly  on  the  Longwood  red  shales  and  are 
overlain  by  the  Oriskany  grit,  all  in  conformable  sequence.     How  far 
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the  formation  extends  southward  along  the  flank  of  the  Green  Pond 
mountain  is  not  known.  It  is  probable  that  it  extends  around  the  end 
of  the  Bowling  Green  mountain,  but  owing  to  drift  cover  there  is  but 
little  evidence  on  this  point.  South  of  Milton  there  are  several  small 
showings  of  limestone  near  the  red  shales  at'the  foot  of  Bowling  Green 
mountain,  and  although  they  may  not  all  he  in  place  they  do  not  appear 
to  "be  drift  bowlders.  Fragments  of  Chsetete^  were  the  only  fossils  found 
in  them,  but  I  have  no  doubt  as  to  their  Hclderberg  age. 

Longwood  red  Shales, — These  shales  underlie  the  Helderberg  limci^tone 
at  Cornwall  Station  and  Pine  hill,  and  throughout  their  extent  in  New 
Jersey.  They  are  also  everywhere  intimately  associated  with,  and  gradt* 
into  the  Green  Pond  conglomerate.  There  are  similar  shales  having  the 
same  relations  in  Ulster  county,  New  York,  where  they  have  been  con- 
sidered equivalent  to  the  Clinton  formation.  As  the  most  extensive  ex- 
posures are  along  the  Longwood  valley  east  of  Milton,  it  is  8Uggest€<l 
that  they  be  designated  the  Longwood  shales. 

In  the  vicinity  of  Cornwall  Station  they  extend  along  the  western  slope 
of  the  ridge  and  are  exposed  in  the  iron-ore  pits  and  the  cut  of  the  New 
York,  Ontario  and  Western  railroad.  In  this  cut,  which  is  their  northern- 
most exposure,  the  upper  members  are  light-colored,  thin-bedded  quartz- 
ites,  which  have  a  thickness  of  12  feet,  and  closely  resemble  the  quartzites 
similarly  lying  between  the  water-lime  and  red  shales  in  the  Rosendale 
cement  region  of  Ulster  county.  The  quartzites  are  underlain  by  red 
beds,  with  green  to  buff  layers,  which  break  into  shale  on  exposure. 

In  Pine  hill  there  is  a  great  development  of  the  shales,  and  they  have 
been  quarried  to  some  extent  near  Highland  Mills  station  for  road  metal. 
They  are  bright  red  in  color,  and  have  a  thickness  of  about  70  feet.  They 
are  overlain  by  ferruginous  beds  at  the  base  of  the  Helderberg  limestone, 
and  lie  on  red  quartzites  of  Green  Pond  age.  They  extend  for  about 
two  miles  in  a  north -and-south  direction,  and  then  terminate  either  by 
faulting  or  thinning  out. 

They  are  next  seen  near  the  south  end  of  Greenwood  lake  in  a  small  belt 
extending  for  half  a  mile  between  Green  Pond  quartzite  and  the  Oriskany 
ridge.  They  are  immediately  overlain  by  the  ferruginous  limestone  con- 
taining Helderberg  fossils  described  on  page  881. 

The  red  shales  appear  at  intervals  along  the  western  slope  of  Kanouse 
mountain,  but  they  are  in  greater  part  overlain  by  drift.  In  the  region 
south  of  Newfoundland  they  are  exposed  at  a  few  localities,  notably  along 
the  road  at  two  points  about  three-quarters  of  a  mile  south  of  the  depot. 
This  locality  is  carefully  described  by  Merrill,  who  has  figured  the  slaty 
cleavage  which  it  exhibits.  This  cleavage  is  at  an  oblique  angle  to  the 
bedding,  and  is  usually  conspicuous  in  tlie  areas  in  New  Jersey.    The 
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formation  extends  along  the  western  slo])e  of  Green  Pond  mountain, 
and.  around  the  northern  end  of  Bowling  Green  mountain,  where  it  is 
fr<xiuently  exposed.  The  thickness  in  New  Jersey  is  estimated  at  200 
feet  by  Merrill,  hut  its  average  amount  does  not  apj)ear  to  he  more  than 
loO  feet. 

The  Ix)ngwood  red  shales  are  similar  in  general  appearance  to  some  of 
the  shales  associated  with  the  Skunnemunk  conglomerate  in  Bearfort 
mountain,  but,  a^  noted  by  Merrill,  the  stratigraphic  relations  are  entirely 
(liflferent.  Where  they  are  associated  with  quartzites  in  New  Jersey  they 
are  underlain  by  them. 

Oreen  Pond  Conglomerate. — The  greatest  development  of  this  formation 
13  in  New  Jersey,  where  it  is  continuous  over  a  wide  area,  and  gives  rise 
to  a  number  of  prominent  ridges.     In  New  York  there  are  three  small 
outlying  areas:  Pine  hill,  northeast  of  Monroe,  and  two  small  ridges 
west  of  Cornwall  station.    Throughout  its  course  it  consists  of  coarse,  red 
conglomerates  below  and  buff  and  reddish  quartzites  above,  and  the  char- 
acteristics of  these  members  are  uniform  throughout.    The  conglomerates 
consist  of  quartz  pebbles  from  one-half  inch  to  two  inches  in  diameter 
in  greater  part,  in  a  hard,  sandy,  quartzitic  matrix  of  dull  red  color. 
The  proportion  of  pebbles  to  matrix  is  usually  large,  but  there  is  local 
variation  in  this  regard.     The  pebbles  are   mainly  well  rounded,  but 
some  subangular  ones  occur.     They  are  almost  all  of  quartz,  and  white 
or  pinkish  in  color.     No  quartzite  i)ebbles  were  observed.     In  this  char- 
acteristic the  Green  Pond  conglomerate  differs  greatly  from  the  Skun- 
nemunk conglomerate,  but  otherwise  they  are  very  similar.     The  thick- 
ness of  the  Green  Pond  conglomerate  varies.     In  New  York  there  are 
not  over  60  feet,  but  in  New  Jersey  it  will  probably  be  found  to  average 
about  150  feet  in  its  greatest  development  in  Green  Pond  and  Copperas 
mountains.     Owing  to  its  extreme  hardness  and  massiveness,  it  gives 
rise  to  high,  rocky  ridges  with  precipitous  slopes  in  greater  part.     Green 
Pond,  Copperas,  Kanouse  and  Bowling  Green  mountains  are  the  most 
j>rominent  of  these,  and  they  ociuipy  an  area  of  considerable  size  in 
New  Jersey.    South  of  the  south  end  of  (ireen  Pond  mountain  west  of 
Dover  there  are  outliers  of  conglomerates  and  sandstones  probably  of 
this  age,  of  which  the  distribution  is  indistinctly  shown  in  figure  1. 
They  are  described  by  Cook  in  .the  "  Geology  of  New  Jersey,"  1868. 

In  the  vicinity  of  Cornwall  Station  the  conglomerate  lies  on  Hudson 
shales ;  in  Pine  hill,  on  Cambrian  limestone,  at  least  in  part ;  in  Kanouse 
mountain,  on  slates  possibly  of  Hudson  age,  northward,  and  on  Cambrian 
limestone  southward;  in  Green  Pond,  Copperas  and  Bowling  Green 
mountains  it  lies  directly  on  the  crystalline  rocks.  The  contact  with  the 
crystalline  rocks  is  exposed  along  the  upper  part  of  the  eastern  slopes  of 

LIV— Bor.L   Gkol  Soc.  Am.,  Vol.  5,  1893. 
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Copperas  mountain,  and  the  surface  is  a  relatively  level  one.  Small  eiv 
closecl  areas  of  the  crystallines  are  bared  by  erosion  of  the  conglomerate 
along  the  two  antielinals  south  of  Newfoundland,  and  I  find  that  gnei-- 
extends  to  within  half  a  mile  of  the  depot  in  the  w^estern  flexure.  Alon;i 
the  axis  of  the  eastern  flexure,  gneiss  extends  to  and  under  Green  j>onti 
and  down  the  gorge  of  the  outlet  of  the  pond  to  the  end  of  Coj>j>env- 
mountain.  Along  these  antielinals  no  actual  contacts  were  found,  but 
from  many  exposures  in  its  vicinity  the  relative  evei\ness  of  the  ticM)r 
was  clearly  apparent.  In  the  Bowling  Green  mountain  the  conglonierat** 
is  wrapped  around  the  northern  end  of  a  ridge  of  gneiss,  but  its  contact 
relations  were  not  observed. 

The  conglomerate  becomes  finer  grained  in  its  upper  part  and  rapidly 
merges  into  the  quartzites.  These  are  moderately  thick-bedded,  very 
hard,  fine-grained  members,  which  vary  in  thickness  from  250  feet  about 
Newfoundland  to  5  or  6  feet  near  Cornwall  station.  They  are  usually 
reddish  or  buflf  in  color,  but  brown  and  light  gray  tints  are  often  seen. 
The  crest  and  western  slopes  of  Green  Pond,  Kanouse  and  Coppera.> 
mountains  and  the  northern  slope  of  Bowling  Green  mountain  con.*^iVt 
of  this  rock.  It  is  again  exposed  on  the  western  shore  of  the  southern 
end  of  Greenwood  lake,  along  the  crest  of  Pine  hill,  northeast  of  Monroe, 
and  just  west  of  the  crest  of  the  ridge  at  Cornwall  Station.  At  New- 
foundland it  is  well  exposed  a  few  yards  west  of  the  station,  dipping 
around  the  declining  end  of  the  anticlinal. 

The  quartzites  grade  upward  into  the  Longwood  red  shales,  and  the 
intergrading  is  exposed  at  a  number  of  points  along  the  west  slope  of 
Green  Pond  mountain  and  in  New  York;  On  the  northwestern  slope  of 
Pine  hill,  beds  of  passage  are  finely  exposed,  and  the  red  shale  and  re<l 
quartzite  are  interlaminated  for  a  thickness  of  several  feet. 

The  age  of  the  Green  Pond  conglomerate  and  quartzite  is  approxi- 
mately the  same  as  the  Shawangunk  grit  and  Oneida  conglomerate,  and 
probably  they  also  represent  all  or  a  portion  of  the  Medina.  They  are, 
at  any  rate,  the  representatives  of  the  great  arenaceous  sedimentation  at 
the  beginning  of  the  Upper  Silurian.  The  evidence  of  their  position  is 
mainly  their  intimate  relation  to  the  Helderberg  limestone  throughout 
and  the  fact  that  they  overlie  the  Hudson  shales  in  New  York  and  pn^b- 
ably  also  in  New  Jersey.  Throughout  their  course  in  New  Jersey  and 
New  York  the  upper  quartzites  grade  into  the  Longwood  red  shales,  and 
these  into  the  Helderberg  limestone,  constituting  a  series  which  overlaps^ 
the  Archean,  the  Cambrian  limestone  and  the  Hudson  shales.  This  strati- 
graphic  relation,  as  well  as  precise  lithologic  similarity,  served  to  corre- 
late the  Pine  hill  and  Cornwall  station  areas  with  those  of  the  Green 
j)ond  region  in  New  Jersey.     The  superposition  on  the  Hudson  shale  ii? 
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un<4uestionable  in  the  Cornwall  region,  where  the  Green  Pond,  Long- 
wood,  Helderberg  and  other  series  present  the  full  sequence.  In  New 
Jersey  there  are  shales  underlying  the  conglomerate  along  the  east  side 
t>f  ICanouse  mountain  near  its  northern  end,  but  it  is  not  as  yet  demon- 
strated that  they  are  Hudson  in  age. 

The  estimate  of  the  total  thickness  by  Merrill  of  600  feet  in  the  New- 
foundland region  is  considerably  too  great.  I  find  that  the  500-foot  cliflP 
south  of  the  station,  on  which  his  estimate  is  based,  contains  nearly  100 
'  feet  of  crystalline  rocks  at  its  base,  but  probably  a  considerable  portion 
of  the  original  thickness  of  sandstone  was  removed  from  its  summit.  The 
formation  appears  to  attain  its  greatest  thickness  at  this  locality,  for  the 
average  amount  is  considerably  less  elsewhere. 

The  name  Green  Pond  Mountain  conglomerate  or  series  has  been  ap- 
plied to  the  formation  by  Cook,  Smock  and  others,  and,  although  origi- 
nally always  used  to  include  the  Skunnemunk  conglomerate,  it  is,  I 
believe,  an  appropriate  name,  with  proper  restriction,  for  the  Upper  Silu- 
rian member.  The  "  mountain"  may  be  omitted  to  advantage,  as  Green 
Pond  is  a  typical  locality.  It  is  not  proi^osed  at  present  to  separate  the 
quartzite  under  a  distinctive  name. 

Hudson  Shales. — The  Hudson  shales  are  overlapped  by  the  several 
Upper  Silurian  and  Lower  Devonian  members  in  Orange  county,  es- 
pecially to  the  north  and  west. 

The  formation  consists  mainly  of  gray  to  brownish  gray  shales,  with 
more  or  less  slaty  cleavage.  There  are  some  sandy  beds,  notably,  in 
the  vicinity  of  the  lines  of  sections  IV  and  V,  plate  17,  which  have  a 
position  near  or  at  the  upper  part  of  the  formation.  These  sandy  beds 
are  light  gray  in  color,  semi-quartzitic  in  composition  and  give  rise  to 
rough,  rocky  ridges  of  some  prominence.  They  were  found  to  contain  a 
few  Orthis  testudinaria  near  the  line  of  section  V.  They  have  been  in- 
cluded with  the  Oriskany  quartzite  as  Oneida  and  Potsdam  by  Cook  in 
his  1868  and  1874  maps."^ 

In  1885*  I  had  the  good  fortune  to  discover  fossils  in  this  formation 
which  definitely  proved  the  Hudson  river  age  of  the  slates.  Since 
then  many  new  localities  of  fossils  have  been  noticed.  The  principal 
fossils  are  Leptense  sericia^  Orthis  testudinaria  and  0.  plicateUa^  but  there 
are  several  others  of  typical  upper  Ordovician  age.  The  overlap  of 
Hudson  shales  on  the  crystalline  rocks  is  a  noteworthy  feature  in  this 
region,  and  the  small  outlying  Archean  -areas  rise  in  greater  part  as 
"  islands  "  through  the  shales. 

♦Preliminary  Notes  of  Fossils  in  the  Hudson  River  SlateH  of  the  southern  Part  of  Orange  County, 
Now  York:  Am.  Jour.  Sci.,  3d  ser.,  vol.  xxx,  pp.  452-45:1. 
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Ill  New  Jersey  there  is  a  thin  mass  of  shales,  above  alluded  to,  wliirh 
extends  along  the  eastern  side  of  the  northern  part  of  Kanouse  mountaiu 
between  the  Green  Pond  conglomerate  and  the  Cambrian  limestone,  but 
no  fossils  have  been  discovered  in  them  and  their  age  is  not  definitely 
established.  As  they  resemble  the  Hudson  shales  in  aj)pearance  an«l 
appear  to  overlie  the  limestone  unconformably  in  the  usual  way,  and 
there  are  no  shales  of  Cambrian  age  in  the  region  northward,  it  is  pn»l- 
able  that  they  are  Hudson. 

Oambrian  Limestone, — Thegreater  part  of  the  Green  pond-Skunnemunk 
basin  is  underlain  by  a  series  of  limestones  which  are  an  extension  of 
the  "  magnesian  limestones "  of  northern  New  Jersey.  They  are  un- 
conformably overlain  by  the  other  formations. 

Along  the  eastern  side  of  the  basin  they  outcrop  for  some  distiuice 
north  and  south  from  Greenwood  lake,  occupy  a  wide  area  east  an^f 
north  of  Monroe,  and  are  exposed  at  intervals  south  and  east  of  Corn- 
wall Station.     To  the  soutliwestward  they  are  bared  of  Hudson  shiiUrs 

along  the  western  side  of  Bell- 
€  vale  mountain,   opposite    the 

J^k^y^^t^^^^       ^   ci?  _         southern  end  of  Skunnemunk 

mountain  and  along  the  esL^t- 
ern   side    of    Woodcock    hill. 

Fi«URE  4.-ao«  .tction  of  the  north  rn  End  d[f  Ka-  ThcV  are  light  COlorcd,  UiaS- 
nouse    Mountain   and    the    Valley    eastward    (looking        sivcly     bcddcd      rOCks      closclv 

'**''''*^*  resembling  the  Calciferous  of 

^-Monroe   .Imle.;     O  =-  Oriskany  grit ;    //^  »  ^j^^      Mohawk      Vallcy.        TheV 
Helderberg     limeMtotie:     L  ->  Lougwood     shales;  "^ 

g  — Green  Pond  qiiartEite;    (?  —  Green  Pond  con-  present     the     Same     characters? 

glomerate;    //^Hudson    nlates;     TC- upper  con-  thrOUffhout     the     bclt,    and     I 
glomerate;    C— Cambrian  limestone;    /,C'=- lower  °  ' 

conglomerate;  A  -  Archoan.  have  uo  doubt  as  to  the  essen- 

tial identity  of  the  beds  in  the 
several  areas  represented  on  plate  17.  Their  distribution  was  in  greater 
part  shown  on  the  map  accompanying  the  "  Geology  of  New  Jersey," 
1868,  but  I  have  found  several  other  exposures  and  areas. 

These  limestones  were  formerly  supposed  to  be  of  Lower  Silurian  t^ie, 
but  in  recent  years  fossils  have  been  discovered  in  the  region  west  of  the 
Highlands  by  Beecher,  Foerste,  and  others  which  indicate  a  Middle 
Cambrian  age  for  some  thickness  of  the  lower  members.  Jjosi  autumn 
Mr  C.  D.  Walcott*  made  the  very  important  discovery  of  Oleyiellus  in  the 
area  south  of  Greenwood  lake,  and  thus  definitely  established  the  age 
of  the  beds,  at  least  in  this  portion  of  the  belt. 

In  the  area  south  of  Greenwood  lake  the  limestone  is  underlain  ])y  ft 
light  colored  quartzite,  in  part  conglomeratic,  which  occurs  at  interval> 

*A  notice  of  this  di.soovory  will  appear  in  the  American  Journal  of  Science  for  April,  I8l»4. 
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for  ii,l)Out  three  miles,  and  there  is  also  a  small  mass  of  conglomerate 
overlying  the  limestone  about  three  miles  south  of  the  lake.  These  beds 
have  been  referred  to  by  several  observers,  and  Smock*  has  given  a  sec- 
tion, in  which  some  of  their  relations  are  shown.  Merrill  f  included  the 
upper  conglomerate  in  the  Green  Pond  formation,  and  this  was  also  sug- 
gested by  Smock,  but  I  found  that  there  is  an  intervening  mass  of  the 
rtupi>osed  Hudson  slate  referred  to  on  page  386.     The  relations  are  shown 

in  figure  4,  which  is  near  the  line  of  section  VIII, 

j>late  17,  and  through  the  beds  in  which  Mr  Wal- 

cott  found  the  Olenellits. 

Mr  Foerste  visited  the  locality  in  1893,  and  he 

\\-as  stated  the  opinion  J  that  the  limestone  was  the 

"•  niagnesian  limestone  "  of  northwestern  New  Jer- 
sey and  the  underlying  quartzite  the  "  Olenellus  " 

quartzite.     He  found  no  fossils. 

Stkuctajre. 

F'lexares. — The  general  structure  of  the  region  is 
synclinal,  but  there  is  considerable  diversity  in 
the  shape  of  the  main  flexure  and  there  are 
several  subordinate  flexures,  notably  in  the  New- 
foundland region.  The  strike  is  northeast  by 
north  in  Bellvale  mountain  and  the  region  north- 
ward, but  at  Monroe  there  is  an  abrupt  change 
in  trend  to  northeast,  which  continues  through 
Skunnemunk  mountain  and  northward. 

In  figure  5  I  have  attempted  to  show  the  nature 
of  the  flexures  by  a  succession  of  sections  drawn 
at  the  base  of  the  Monroe  shales. 

The  variations  in  steepness  and  pitch  are,  I  think, 
the  only  noteworthy  features  of  these  flexures. 

The  close  folding  of  the  northern  portion  of  the  general  syncline  is 
exhibited  in  the  northern  end  of  Skunnemunk  mountain  and  northward, 
and  in  Bellvale  and  B^earfort  mountains.  The  open  portion  of  the 
synclinal  is  in  the  central  and  southern  portions  of  Skunnemunk  moun- 
tain and  the  region  from  west  of  Newfoundland  to  Milton!  The  flags 
and  shales  in  the  southern  end  of  Bellvale  mountain  exhibit  a  gentle 
synclinal,  although  there  is  much  slaty  cleavage  and  the  dips  are  not  al- 


FiouRK  5.— Flexures  of 
the  Green  Pond-Skunne- 
mtink  Mountain  Belt  (look- 
ing northeast). 


*  Loc.  cit.,  p.  <V_'. 
fLoc.  eit.,  p.  ll">. 
X  Lo«'.  cit.,  p.  441. 
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ways  clear.  The  anticlinal  which  comes  in  from  the  south  brings  up  the 
Oriskany,  Helderberg  and  Longwood  members  at  Milton,  and  the  Greer. 
Pond  conglomerate  in  the  central  part  of  Bowling  Green  mountain. 
The  dips  on  the  northern  end  of  this  mountain  are  semi-quaquaversal  t4. 
the  east,  north  and  northeast,  but  southwest  of  Milton  there  is  a  synclinal 
with  steep  axial  pitch  to  the  north. 

The  principal  anticlinal  in  New  York  is  along  the  eastern  side  of 
Skunnemunk  mountain,  where  the  flags  dip  eastward  down  the  sloj>e  of 
the  mountain,  but  with  a  strong  pitch  to  the  north.  This  flexuri: 
apparently  merges  into  a  slight  overturn  of  the  eastern  limb  of  the 
synclinal  in  the  northea,steni  end  of  the  mountain  and  about  Cornwall 
Station. 

The  principal  anticlinal  southward  is  first  apparent  on  the  west  side  of 
the  south  end  of  Greenwood  lake,  where  its  relations  are  shown  in  section 
VII,  plate  17.  It  brings  up  the  Oriskany  quartzite  in  a  small,  steep  ridge, 
which  continues  for  about  a  mile.  The  small  synclinal  to  the  eastwani 
carries  lower  beds  of  Monroe  shales,  but  they  rise  on  the  pitch,  south wanl. 
and  finally  constitute  the  summit  of  the  ridge  to  its  southern  termina- 
tion. In  this  vicinity  the  anticlinal  of  Oriskany  is  exposed  in  the  we^^t- 
em  slope  of  the  ridge  and  along  a  small  depression  below.  On  the  ea>t 
side  of  the  southern  end  of  the  ridge  the  pitch  brings  up  the  Oriskany 
quartzite,  Helderberg  limestone,  longwood  red  shales,  and  Green  Pond 
quartzite  in  succession  to  the  southward.  The  three  fir&t  dip  ttD  the 
northwest,  but  the  quartzite  dips  to  the  east,  ai>parently  from  a  small 
fault. 

South  from  Greenwood  lake  there  are  two  valleys,  one  extending  alontf 
the  Cambrian  limestone  belt  and  the  other  along  the  Monroe  shales,  witli 
Kanouse  mountain  intervening.  For  some  distance  the  structure  is  a 
west-dipping  monoclinal,  so  far  as  I  could  find,  but  in  the  western  valley, 
about  half  way  to  Newfoundland,  it  bears  a  low  anticline.  This  flexure  l< 
well  exliibited  in  the  extensive  exposures  of  Monroe  shales  at  the  small 
settlement  of  Postville,  although  its  distinctness  is  somewhat  obscurtnl 
by  the  strong  slaty  cleavage  by  which  the  shales  are  traversed.  Tlie 
axis  of  the  anticlinal  rises  to  the  southward,  and  at  Newfoundland  a 
sudden  incre^ise  of  pitch  'brings  uj)  Oriskany,  Helderberg,  Tx)ngwo(Kl, 
Green  Pond  and  Archean  rocks  in  rapid  succession.  This  pitch  of  the 
beds  is  finely  exhibited  just  west  of  Newfoundland,  where  the  Green 
Pond  quartzite  and  conglomerate  rise  into  the  northern  end  of  a  spur  of 
Green  Pond  mountain.  The  dips  arc  semi-quaquaversal  and  the  beds 
exposed  incline  to  the  west,  north,  and  east  around  the  end  of  the 
mountain.     A  short  distance  south  the  crystalline  rocks  are  brought  up 
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in  the  core  of  the  range,  and  by  the  erosion  of  the  eastern  limb  of  the 

anticlinal  they  have  been  bared  of  the  Green  Pond  rocks  over  an  enclosed 

area  about  a  mile  in  length.     The  gneisses  extend  along  the  base  of  the 

mountain,  and  finally  attain  an  elevation  of  200  feet  in  its  face,  with 

cliffs  of  conglomerate  above.     The  relations  are  shown  near  the  center 

of  section  IX,  plate  17.     A  mile  and  a  half  south  of  Newfoundland  the 

]>it<'h  changes  to  southward,  and  the  conglomerate  in  the  eastern  limb  of. 

the  anticlinal  gradually  extends  up  the  slope,  and  finally  covers  the 

crystalline  rocks.     To  the  southward  the  pitch  increases,  the  flexure 

narrows,  the  ridge  rapidly  decreases  in  elevation  and  width  and  the 

Green  Pond  beds  sink  beneath  the  overlying  formations.     The  flexure 

soon  dies  out  in  the  area  of  Monroe  shales  southward.    This  spur  of 

Careen  Pond  mountain  is  separated  from  the  main  mountain  by  a  narrow 

valley  in  a  synclinal  which  is  not  of  great  extent. 

Green  Pond  mountain  rises  on  an  anticlinal  which  begins  under  the 
lowlands  just  east  of  Newfoundland.     The  Longwood  red  shales  are 
brought  up  in  great  foi:ce  a  mile  south  of  Newfoundland,  and  then  the 
Green  Pond  rocks,  which  rise  rapidly  into  a  high,  rough  ridge,  present- 
ing a  steep  rocky  front  to  the  east  and  a  long  slope  to  the  west.     The 
(TVrttalline  rocks  soon  come  out  along  the  eastern  face  of  this  ridge,  con- 
stituting steep,  rocky  slopes,  surmounted  by  a  precipice  of  the  conglom- 
erate.    The  crystalline  rocks  gradually  attain  the  crest  of  the  anticlinal 
southward,  and  the  pitch  diminishing  in  amount,  they  continue  in  this 
position  for  a  long  distance,  with  ridges  of  conglomerate  on  either  side, 
(ireen  pond  lies  along  this  eroded  arch,  and  along  its  western  side  is 
bordered  by  high  cliffs  of  the  Green  Pond  conglomerate.     The  outlet  of 
the  pond  is  to  the  south  and  it  has  cut  a  deep,  narrow  gorge  in  the  crys- 
talline rocks  along  the  arch  of  the  anticlinal.     In  Copperas  mountain 
east  of  the  lake,  and  southward  to  the  end  of  this  mountain,  the  Green 
Pond  beds  lie  in  a  synclinal  perched  high  on  the  crystalline  rocks.    North 
of  the  pond  this  synclinal  pitches  down,  and  finally  occupies  the  valley 
lying  between  the  northern  end  of  Green  Pond  mountain  and  Copperas 
mountain.     This  pitch  carries  the  Green  Pond  rocks  across  the  low  divide 
just  north  of  the  pond,  and  the  synclinal  valley  contains  Helderberg 
limestones  over  a  considerable  area  south  of  Newfoundland,  Oriskany 
quartzite  at  Newfoundland,  and  Monroe  shales  northward  to  beyond 
Postville,  where  the  flexure  dies  out. 

The  northern  end  of  Copperas  mountain  and  Kanouse  mountain  its 
northern  continuation,  are  monoclines  of  Green  Pond  rocks  dipping 
westward  beneath  Longwood  red  shales,  Helderberg  limestones,  Oriskany 
((uartzite,  and  massive  shales  of  the  synclinal  valley  just  described. 
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These  mountains  j)re8ent  steep  rocky  faces  to  the  ea^^t  and   have  rela- 
tively gentle  slopes  down  the  dip  to  the  west. 

Fnnlts. — Tlie  differentiation  of  faulting  and  overlap  in  this  region 
has  heen  found  to  he  especially  difficult,  so  that  some  of  the  relation? 
thought  to  be  due  to  overlap  or  thinning  may  be  the  results  of  over- 
thrust,  and  rice  verm.  A  fault  of  considerable  throw  appears  to  extend 
along  the  western  side  of  the  belt,  and  there  would  be  difficulty  in  ac- 
counting for  some  of  the  features  without  it.  On  the  western  side  t»f 
Bearfort  mountain  the  appearance  of  small  areas  of  the  flags  and  reil 
shales  underlying  the  Skunnemunk  conglomerate  is  almost  certainly 
due  to  variations  in  the  throw  of  an  overthrust  fault,  as  shown  in  sec- 
tions VII  and  VIII,  plate  17.  Southward  to  Bowling  Green  mountain 
the  abrupt  break  betw^een  the  steep  slopes  of  crystalline  rocks  and  the 
Monroe  shales  in  the  valley  east,  and  the  western  termination  of  the 
Green  Pond  rocks  in  Bowling  Green  mountain  are  ver}"  probably  due  t4» 
the  continuation  of  this  fault.     The  immediate  proximity  of  the  fault  waj* 

not  observed,  but  no  special  fea- 
tures of  increased  plication  were 
noticed  in  its  vicinity.  In  Bell- 
vale  mount-ain  and  porthward  the 
fault  may  or  may  not  be  present, 
and  the  relations  are  probably  due 
to  overlap.  Near  the  line  of  sec- 
tion V  there  is  an  exposure  very 
near  the  contact  of  Ori^kany 
quartzites  and  Hudson  shales,  in 
which  it  is  seen  that  while  an 
overthrust  w4th  low  hade  is  possi- 
ble, overlap  is  more  probable.  In 
the  area  shown  in  figure  2  a  dis- 
location is  suggested,  but  overlap 
is  more  probable. 

On  the  east  side  of  Woodcock 
hill  the  relations  of  a  fault  are 
exposed,  but  it  may  be  a  local 
feature  entirely  disconnected  from 
the  possible  overthmst  south- 
ward. It*j  relations  are  shown  in 
the  following  figure,  in  which  the  sections  are  at  approximately  regular 
intervals  for  half  a  mile.  The  limestone  is  exposed  abutting  against  the 
quartzite  on  the  south  side  of  a  small  stream  which  flows  west  across 
the  southern  end  of  Woodcock  hill,  and  the  hade  is  steeply  to  the  east. 


^^sm 


FiQUHE  ^.—Sections  illustrating  the  Features  of  a 
Fault  on  the  southeastern  Side  of  Woodcock  Hill^ 
Orange  County,  New  York  {looking  north). 

A  «,  Archean  gneiss.  C—  CRnnV>riftn  limestone. 
H  —  Hudson  slialej*.  O  =-  OriskKny  quartzite. 
M  — >  Monroe  shales. 
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Whether  the  fault  passes  between  the  slate  and  quartzite,  or  the  slate 
and  limestone,  northward,  is  not  exposed,  but  the  former  appears  more 
probable. 

There  is  a  small  fault  in  the  Green  Pond  quartzite  on  the  southeast 
shore  of  Greenwood  lake,  as  shown  in  section  VII,  but  it  is  apparently 
only  a  local  slip.  Possibly  it  has  greater  throw  southward  and  cuts  off 
the  several  formations  in  the  northern  end  of  Kanouse  mountain. 

Overlaps. — There  is  a  very  great  amount  of  overlapping  in  the  Green 
Pond  to  Skunnemunk  belt,  and  the  phenomena  throw  interesting  light 
on  the  oscillations  of  level  and  other  couditions  during  the  deposition 
of  the  several  formations.  I  have  alluded  above  to  the  difficulty  in  dis- 
criminating between  overlap  and  overthrust,  but  the  relations  of  the  prin- 
cipal overlaps  appear  to  be  clear. 

The  Cambrian  limestone  lies  on  or  against  the  crystalline  rocks,  with 
more  or  less  arenaceous  material  intervening.  It  is  overlapped  by  the 
Hudson  shales  in  New  York,  which  also  extend  to  the  crystalline  rocks 
and  abut  against  them.  This  relation  is  clearly  exposed  at  many  localities 
in  Orange  county,  notably  along  the  small  crystalline  knobs  wes.t  of 
Skunnemunk  mountain,  which  were  islands  in  the  early  Hudson  seas. 
A  very  fine  exhibition  of  the  contact  of  the  shales  and  gneiss  was  found 
in  the  south  bank  of  the  creek  at  the  south  end  of  Woodcock  hill,  as 
shown  in  the  second  section  from  the  top  in  figure  6. 

The  Green  Pond  conglomerate  lies  directly  on  the  crystalline  rocks 
over  a  wide  area  south  of  Newfoundland,  and  then  extends  across  the 
edges  of  the  Cambrian  limestone  to  and  over  supposed  Hudson  shales 
south  of  Greenwood  lake.  In  Pine  hill  it  overlies  the  Cambrian  lime- 
stone, with  strong  unconformity  in  dip,  and  about  Cornwall  Station  it 
overlies  the  Hudson  shales. 

The  Longwood  shales  are  not  known  to  overlap,  for  they  merge  into 
the  upper  part  of  the  Green  Pond  rocks  in  all  the  exposures.  The  Hel- 
derberg  limestone  usually  lies  on  and  merges  into  the  Longwood  shales, 
but  on  the  west  side  of  Bellvale  and  Skunnemunk  mountains  it  lies 
unconformably  on  Cambrian  limestone,  with  no  possibility  of  an  inter- 
vening fault. 

The  Oriskany  quartzites  and  conglomerates  lie  on  the  Helderberg  lime- 
.stone  in  New  Jersey,  at  Cornwall  Station,  and  in  the  locality  two  miles 
west-northwest  of  Monroe,  })ut  it  overlaps  or  possibly  is  overthrust  on 
older  formations  for  the  greater  part  of  its  course  west  of  Bellvale  and 
Skunnemunk  mountains.  Near  the  line  of  section  V,  plate  17,  it  lies  on 
the  Hudson  shales,  but,  as  suggested  a  number  of  times  above,  this  may 
j)09sibly  be  due  to  overthrust.     In  the  small  area.s  lying  against  the 
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crystalline  rocks  and  Hudson  shales  two  miles  northwest  of  Monroe,  a> 
shown  in  figure  2,  the  supposed  Oriskany  quartzite  quite  clearly  overlajei 
Along  the  eastern  side  of  Woodcock  hill  there  is  the  fault  and  no  ex- 
hibition of  the  overlap  is  seen  at  the  surface.  Along  the  base  of  the  ntxt 
Archean  area  south  of  Woodcock  hill  the  quartzite  appears  to  lie  on  the 
uneven  surface  of  the  gneiss  without  possibility  of  an  intervening  fault. 

The  Monroe  shales  lie  in  conformable  sequence  on  the  Oriskany  beil- 
in  New  Jersey,  except  just  south  of  the  southern  end  of  Greenwood  lake, 
where  the  quartzite  may  be  lacking  for  some  distance.    They  are  very 
sharply  separated  by  an  abrupt  change  in  the  character  of  their  mate- 
rials, but  present  no  special  evidence  of  unconformity.    There  may  posi- 
sibly  be  a  general  break  in  the  sequence  in  this  region,  represented  by 
Caudi  Galli  shales  and  Onondaga  limestone  westward.     North  of  Green- 
wood lake  for  many  miles  they  appear  to  lie  on  the  Cambrian  limestone  to 
the  eastward,  excepting  for  a  short  way  southwest  of  Monroe,  where  they 
probably  overlap  on  the  crystalline  rocks,  although  they  are  not  expose«l 
in  contact.     In  the  vicinity  of  Monroe  and  northward  for  some  distance 
they  appear  to  lie  on  the  Cambrian  limestone  again,  but  their  contact  is 
covered  by  heavy  drift.     In  Pine  hill  they  lie  on  Helderberg  limestone, 
but  appear  to  overlap  on  the  Cambrian  limestone  or  even  the  crystalline 
rocks,  northward  for  some  distance.     There  is  the  possibility  of  a  fault 
in  this  vicinity  between  the  limestone  and  Monroe  shales,  but  there  it? 
no  positive  evidence  on  this  point.     In  Pea  hill,  near  Cornwall  Station, 
the  shales  lie  in  conformable  succession  on  the  Oriskany  quartzite.     Alons 
the  western  side  of  Skunnemunk  mountain  they  lie  directly  on  Oriskany 
quartzites  at  several  localities,  and  in  the  intervals,  on  Hudson  shale  and 
Cambrian  limestone,  but  from  the  latter  they  may  possibly  be  separated 
by  a  fault.     Northwest  of  Monroe  they  overlap  widely  to  the  westward, 
as  shown  in  figure  2,  and  are  in  (contact  with  Oriskany,  Helderberg. 
Hudson,  Cambrian  and  Archean  in  succession.     Along  the  west  side 
of  Bellvale  mountain  they  are  underlain  by  two  lense-like  masses  of 
Oriskany  quartzite  and  one  of  Helderberg  limestone,  and  arc  in  con- 
tact with  Hudson  shales,  Cambrian  limestone  and  Archean  rocks  in  suc- 
cession, possibly  with  a  separating  fault.    Southward  along  the  western 
side  of  Bearfort  mountain  they  are  cut  out,  in  all  probability  by  a  fault 
as  shown  in  sections  VI,  VII,  and  VIII  on  plate  17.     They  come  out 
again  in  the  wide  synclinal  region  north  of  Milton  and  abut  against  the 
crystalline  rocks,  from  which  they  are  probably  separated  by  the  fault. 

No  overlap  of  Bellvale  flags  or  Skunnemunk  conglomerate  are  known, 
unless  the  contacts  with  the  gneiss  west  of  Bearfort  mountain  and  on  the 
southern  end  of  Bellvale  mountain  are  due  to  overlap  and  not  U)  over- 
thrust. 


GEOLOGIC    HISTORY.  393 


Geologic  History. 


The  trough  in  which  the  formations  in  the  Green  Pond-Shunnemunk 
belt  lie,  appears  to  he  due  to  a  narrow  area  of  Cambrian  limestone  either 
deposited  in  a  narrow  inlet  or,  more  probably,  faulted  down  among  the 
<T3''stal]ine  rocks.     The  erosion  of  this  limestone  wedge  in  early  Paleozoic 
times  afforded  a  long,  narrow  basin  in  which  more  or  less  shale  was  de- 
posited in  Hudson  times.    As  this  was  followed  by  a  period  of  uplift 
and  erosion,  in  which  more  or  less  of  the  shales  were  removed,  the  posi- 
tion of  the  old  shore  line  of  Hudson  deposition  caniiot  everywhere  be 
<letermined,  and  its  southern  termination  is  altogether  in  doubt.     It 
])robably  extended  at  least  as  far  south  as  Newfoundland.     About  New- 
foundland and  to  the  southward  the  crystalline  rocks  were  bared  at  the 
beginning  of  deposition  of  the  Green  Pond  beds,  and  were  submerged  by 
tbe  general  subsidence  which  inaugurated  Upper  Silurian  deposition  in 
eastern  New  York.     As  the  conglomerates  and  quartzites  are  exhibited 
mainly  along  the  eastern  side  of  the  basin  and  to  the  southward,  it  is 
suggested  that  the  submergence  was  such  that  deposition  was  restricted 
to  this  area,  for  their  relations  to  immediately  succeeding  formations  indi- 
cate that  they  have  not  been  widely  removed  by  erosion.    This  period 
was  continued  by  the  deposition  of  the  red  shales  of  the  Longwood  series, 
the  Helderberg  limestones,  and  the  Oriskany  sandstones  in  continuous 
succession.    The  shales  and  limestone  indicate  increasing  submergence 
and  overlap,  which  appeared  to  have  continued  in  the  Oriskany  depo- 
sition in  part  of  the  area.     This  condition  in  Oriskany  times  is  indicated 
by  the  apparent  almost  general  overlap  of  the  Oriskany  beyond  the  edges 
of  the  Helderberg  beds  west  and  southwest  of  Skunnemunk  mountain, 
but  that  it  is  not  general  is  shown  by  the  absence  of  Oriskany  deposits 
between  the  Helderberg  limestone  and  Monroe  shales  in  Pine  hill  north 
of  Monroe,  and  at  the  locality  on  the  west  side  of  Bellvale  mountain. 
The  coarseness  of  the  deposit  indicates  an  abrupt  change  of  conditions, 
which  abruptly  terminated  the  deposition  of  the  Helderberg  limestones. 
As  a  change  of  this  character  usually  immediately  follows  uplift  the  rela- 
tions here  are  somew^hat  anomalous.     They  may  be  due  to  increased 
submergence  having  given  access  to  stronger  currents  which  brought 
in  the  coarse  materials.     This,  however,  is  merely  a  suggestion. 

The  Monroe  shale  deposition  was  attendant  on  increased  submergence 

and  the  deposits  overlapped  the  preceding  formations  and  the  crystalline 

rocks  in  part.     Probably  they  were  laid  down  over  a  wide  area,  for  they 

have  since  been  widely  removed  by  erosion. 

The  Skunnemunk  conglomerate  probably  overlapped  the  crystalline 
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rocks,  and  also  the  Green  Pond  conglomerate,  for  its  materials  appear  to 
have  been  derived  from  both  of  these  sources.  Possibly  its  quartzit* 
pebbles  were  not  derived  from  Green  Pond  beds  in  this  basin,  but  cani^ 
from  other  regions.  The  original  thickness  and  extent  of  the  Skunm- 
munk  conglomerate  is  not  known,  for  it  has  been  deeply  erodeil. 

Whether  the  several  Upper  Silurian  and  Devonian  members  ori^nally 
extended  continuously  to  the  great  areas  to  the  north  and  west  is  not 
known,  but  from  the  similarity  in  characters  and  faunas  it  is  supixii^ei 
that  they  were  deposited  in  inlets  of  the  same  general  water  areas. 
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LVTRODUCTORY. 

The  following  abstract  gives  the  latest  results  of  the  examination  of 
collections  of  fossils,  chiefly  made  by  the  United  States  Geological  Sur- 
vey, which  hav^e  passed  through  my  hands  within  the  past  few  years. 

The  descriptions  of  the  species  mentioned  and  of  others  previously 
noted  in  my  paper,  "  .Tura  and  Trias  at  Taylorville,  California,''*  will  ho 
})ublished  by  the  United  States  Geological  Survey  when  the  proper  illus- 
trations can  be  prepared. 

American  and  Sailors  Canyons,  California. 
their  faunas. 

Monotw  Beds. — The  presence  of  the  Trias  above  the  Carboniferous  in 
American  and  Sailors  canyon  south  of  Cisco  was  at  firet  considered  cer- 
tain from  the  presence  of  the  Monotis  beds  containing  two  new  species*. 
M.  semiplicata  and  sj/mnietrica,  but  further  information  is  essential  before 
this  can  be  admitted.  According  to  the  observations  of  Dr  Curtice  these 
beds  lie  between  the  Carboniferous  and  the  Daonella  beds. 

Daonella  Beds. — The  Daonella  beds  contain  several  species  of  that  genus, 
heretofore  supposed  to  be  confined  to  Triassic  strata  in  Europe  and  in 
this  country.  They  immediately  underlie  the  beds  containing  forms  of 
Ammonitina?  described  below,  and  also  ascend  sporadically  into  that 
fauna  in  the  rocks  above  Sterrets  mine  in  Sailors  canyon. 

There  is  one  species,  Daonella  snbjeda,  occurring  alone  in  a  piece  of 
black  shale,  which  may  indicate  the  presence  of  a  lower  bed  distinct  from 
that  in  which  the  other  species  mentioned  below  were  found,  but,  accord- 
ing to  our  existing  information,  they  must  be  here  included  in  the  same 
horizon. 

Ordinarily  the  species  of  Daonella  occurring  immediately  imderneath 
the  Ammonites  bod  would  also  be  regarded  as  exclusively  Triassic,  and 
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unquestionably  would  be  placed  in  that  system  but  for  their  association 
with  Ammonitinse. 

Daonella  bochiformis  is  a  close  representative  of  the  D.  bochi,  Mojsisovics, 
which  belongs  in  Europe  to  the  ])assage  beds  between  the  M^uschelkalk 
iind  the  None  series.  The  type  of  Daonella  to  which  this  and  the  follow- 
ing species  belong  indicates  the  presence  of  the  primitive  forms  of  the 
group  of  Z>.  mou88oni,  as  defined  by  Mojsisovics,  which  begins  in  the 
Muschelkalk  in  Europe.  There  is  also  another  form  of  Daonella  asso- 
ciated with  the  two  mentioned  here,  but  it  is  so  close  to  D.  bochiformis  thsii 
for  our  present  purpose  it  may  be  considered  a  variety  of  this  species. 

Daonella  cardinoides  is  a  distinct  species,  but  a  close  ally  of  D.  bochi- 
formis^ and  therefore  belongs  to  the  same  section  of  the  genus.  Speci- 
mens of  Daonella  are  found  sporadically  also  in  what  must  be  considered 
youHger  beds,  containing  compressed  remains  of  Ammonitinai,  which 
have  presented  a  problem  of  a  very  interesting  character.  This  was  also 
the  geologic  position  assigned  by  Dr  Lindgren  and  Dr  Curtice,  who  first 
collected  them  and  studied  the  geology.  At  first  sight  they  appear  by 
their  ornamentation  to  belong  to  the  Lias.  Unluckily  the  process  of  fos- 
silization  has  entirely  obliterated  the  sutures,  and  the  most  careful  and 
repeated  observations  have  failed  to  discover  any  traces  of  these  parts. 
The  representation  of  external  form  and  characteristics  is  so  close  between 
some  Ammonitina)  of  the  Trias  and  Lower  Jura  that  one  cannot  be  sure 
whether  a  given  fossil  occurs  in  the  Upper  Trias  or  Lower  Jura  unless 
the  sutures  are  present,  with,  of  course,  the  exception  of  a  certain  list  of 
common  and  well  known  forms.  It  so  happens  that  in  this  entire  col- 
lection there  are  but  few  which  can  be  said  to  belong  to  this  last  men- 
tioned class. 

Ammonites  Bed. — The  occurrence  of  wliat  I  have  called  Peronoceras  (?) 
americanum  at  Sailors  canyon  and  some  other  forms  introduces  a  style  of 
ornamentation  not  yet  found  below  the  uppermost  beds  of  the  lower 
Lias,  but  these  fossils  are  not  well  enough  preserved  to  be  determinative. 
The  Aptychi  are  of  the  bivalvular  rugose  type,  and  they  would  be 
usually  considered  as  su{)porting  the  opinion  that  these  beds  were  not 
older  than  the  middle  Lias  and  perhaps  not  older  than  upper  Lias. 
Nevertheless  it  must  be  remembered  ihat  a  bivalvular  Aptychus  was 
found  in  the  Devonian  of  the  Eifel  and  was  described  by  D'Archiac  and 
De  Verneuil,*  and  that  a  single  Anaptychus  also  occurs  in  the  Devonian, 
both  of  them  being  associated  with  Goniatitinaj.     The  argument  there- 

*  Thifi  AptyehuB  i»  bivalvular,  bat  has  a  peculiar  shape  in  that  the  valves  are  divaricajted  atotiK  the 
median  line  and  near  the  outer  convex  edge.  Their  internal  eilges,  in  other  vordifi,  are  not  closely 
approxiroate  as  in  other  bivalvular  Aptychi.  The  linos  of  growth  are  dnscribed  as  indistinct  un- 
dulating lines  of  growth,  and  the  figure  showM  that  it  liad  a  smoother  surface  than  the  rugose 
Aptychi  of  the  Jura  to  which  the  Sailora  Canyon  Aptychi  can  be  closely  compared.  See  P'ossils  of 
the  Older  Deposits,  etcetera.  Trans,  Geol.  Soe.  Lond.,  see.  2,  vol.  vi,  pt.  2,  pi.  2f>,  fig.  9. 
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fore  that  the  Aptychi  found  in  the  Amnionites  bed  of  Sailors  canyon 
prove  the  age  to  be  Liasyic  is  not  conclusive.  These  earlier  opercula 
were  all  found  to  be  carbonaceous,  and  consequently  it  is  inferred  that 
they  must  have  had  a  liorny  or  tougli  cuticular  basis. 

A  peculiar  leathery  or  horny  and  univalvular  operculum  called  the 
AnwptychiLS  was  introduced  in  the  Arietidie  of  the  lower  Lias  and  con- 
tinued in  the  middle  Lias,  and  it  has  been  reasonably  supposed  that 
these  were  the  forerunners  of  the  calcareous  bivalvular  opercula  of  the 
shells  of  the  succeeding  stages. 

The  bivalvular  rugose  Aptychi  at  Sailors  canyon  are  represented  solely 
by  impressions,  and  consequently  their  exact  constitution  cannot  be 
proved.  Whether  they  were  really  calcareous  like  the  similar  rugose 
forms  of  the  Lias  and  later  Jura  or  whether  they  were  of  a  horny  tex- 
ture must  remain  undecided,  and  this  is  a  possible  stumbling-block  in 
the  way  of  any  opinion  based  solely  upon  them. 

It  must  also  be  noted  that  if  this  fauna  be  Triassic,  it  is  remarkable 
for  not  containing  any  of  the  characteristic  cephalopods  of  that  system, 
and  none  exactly  comparable  with  those  of  any  other  Triassic  fauna, 
either  in  this  country  or  in  Europe. 

The  specimens  of  Ammonitina}  found  by  Dr  Curtice  below  the  tuffs 
that  form  the  summit  of  Snow  mountain,  the  highest  fossil  locality  in 
American  canyon,  are  similar  in  part  to  those  of  Sailors  canyon,  and 
indicate  a  somewhat  distinct  yet  connected  and  probably  younger  Am- 
monitoid  fauna. 

Gryphssa  Bed. — The  specimens  described  as  Gryphxa,  and  found  in 
rocks  supposed  by  Dr  Curtice  to  l)e  younger  than  the  Ammonites  beds  of 
Sailoi-s  canyon  but  older  than  those  of  Snow  mountain,  give  e\idence  for 
the  Liassic  age  of  these  rocks,  true  Gryphxa  not  having  been  hithert<» 
found  below  the  lower  Lias. 

AGE  AND  FA  UN  A  L  RELATIONSHIPS  OF  THE  TWO  AREAS. 

Although  it  is  safe  to  decide  ])ositively  with  regard  to  the  relative  age 
of  the  different  strata  of  the  Sailors  canyon  series  and  that  the  Monoiu 
and  Daonella  beds  contain  forms  usually  regarded  as  Triassic,  the  fact"=^ 
just  recited  are  of  such  a  nature  that  the  age  of  the  beds  containing 
Ammonitina)  and  Aptychi  cannot  be  asserted  except  within  certain 
limits.  Whether  they  are  exclusively  upper  Triassic  or  exclusively 
Liassic,  or  a  mixture  of  the  fossils  of  both  these  faunas,  must  remain  un- 
determined until  the  sutures  of  these  fossil  shells  can  be  discovered 
It  is,  however,  obvious  that  there  are.  so  far  as  they  have  been  explored, 
no  fossil  beds  in  American  or  in  Sailors  canyon  which  are  younger  than 
the  upper  Lias. 
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By  comparing  the  statements  made  in  this  paper  with  the  table  given 
in  my  article,  "Jura  and  Trias  at  Taylorville,  California,"  *  it  will  be 
seen  that  the  Swearinger  slates  were  divided  into  Monotis  beds,  Daonella 
bed,  Rhabdoceraa  bed  and  Halobia  bed,  and  the  whole  group  was  referred 
to  the  Upper  Noric. 

The  succession  of  the  MonUis  and  the  Daonella  bed  is  similar  in  Amer- 
ican and  in  Sailors  canyon,  but  above  this,  parallelism  ceases. 

The  development  of  unquestionable  Triassic  types  in  the  Taylorville 
re^^ion  leaves  no  room  for  doubting  the  system  to  which  the  rocks  con- 
taining them  belong,  and  they  also  indicate  the  particular  series  to  which 
strata  may  be  referred.  These  differences  and  the  entirely  distinct  spe- 
cies of  the  two  localities,  even  in  the  genera  Monotis  and  Daonella,  show 
that  there  were  two  distinct  faunal  areas,  and  that  there  could  have  been 
no  communication  between  them  during  the  time  of  the  deposition  of 
the  Monotis  and  Daonella  beds,  even  if  it  is  admitted  that  they  were  con- 
temporaneous in  deposition,  an  opinion  which  cannot  be  maintained  by 
any  facts  now  known. 

Trias  of  Nevada  and  Idaho. 

The  Whitney  collection  of  fossils  contains  a  specimen  of  Arcestes  (ate^- 
seanus)  gabbi,  Meek,  from  Volcano  mining  district,  thirty  miles  southeast 
of  Walkers  lake,  Nevada,  which  is  quoted  by  him  f  as  characteristic  of 
the  Trias  at  that  locality,  and  also  a  slab  of  Daonella  having  the  same 
catalogue  number  and  apparently  from  the  same  locality.  Tliis  species 
is  identical  with  the  Halobia  dnbia,  Gabb,  which  is  equivalent  to  Halobia 
(^DaoneUa)  lommeli,  Meek.J  The  Trias  is  therefore  present  at  this  locality, 
and  these  two  forms  indicate  a  fauna  similar  in  part  at  least  to  that  of 
the  Trias  of  Humboldt  county,  Nevada.  There  is  also  in  this  collection 
a  few  fossils  from  New  pass,  Desatoya  mountains,  Nevada,  indicating 
tliat  there  is  a  rich  Triassic  fauna  at  this  locality  of  approximately  the 
same  age  as  that  of  the  Star  Peak  range,  that  is  to  say,  Muschelkalk. 

The  following  is  quoted  from  my  former  paper,  "  Jura  and  Trias  at 
Taylorville,  California :  "  § 

"The  Trias  of  Idaho  (Aspen  mountains,  near  Soda  Hprings)  has  a  well-marked 
Triassic  fauna,  with  fossil  cephaloix)ds  recognized  in  Europe  by  Mojsisovics,  Stein- 
niann  and  Karpinsky  as  belonging  to  the  lower  part  of  the  Triassic  system,  and, 
after  careful  reexamination  of  the  fossils,  I  find  strong  grounds  for  thinking  that 
this  opinion  is  probably  correct.    This  fauna  appears  to  be  more  nearly  the  equiva- 

•  Ball.  Geol.  Soc.  of  Am.,  vol.  3,  p.  412. 

t  DeBcriptions  of  Secondary  Fossils,  etc :  Am.  Jour.  Coiioh..  vol.  v,  p. .',. 

X  Exploration  of  the  Fortieth  Parallel,  p.  la),  pi.  10. 

2  Bull.  Geol.  Soc.  Am.,  vol.  3,  p.  4()0. 
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lent  of  that  of  the  Werferner  beds  of  the  middle  Buntei'saiidstein  of  the  Oemian 
Trias  than  of  any  other. 

**  The  Trias  of  the  Star  Peak  range,  in  the  Humboldt  region,  Nevada,  coiitainsi  an 
unmistakably  younger  fauna.  Before  reading  the  similar  opinion  of  Mojfiis<j>vii.>. 
published  in  his  superb  work  *  Die  Cephalopoden  der  Mediterranean  Trias-Pro vinz, 
I  had  arrived  independently  at  the  same  opinion,  that  this  fauna  belonged  to  Uk- 
Muschelkalk  and  not  to  the  younger  Saint  Cassian  stage,  as  formerly  siipptiHe^l 
When  the  species  are  properly  published  the  parallelism  with  the  Muschelkalk  will 
be  readily  seen,  since  well  preserved  cephalopods  are  abundant. 

"  The  Trias  of  Taylorville  is  quite  as  interesting  as  that  of  the  other  two  localitit^. 
and  it  is  very  suggestive  that  its  age,  as  indicated  by  the  fossils,  is  that  of  the  Xorit 
and  Karnic  series  in  the  upper  Trias." 

Lias  in  California,  Nevada  and  Oregon. 

The  discovery  of  Gabb's  type  of  Ammonites  nevadanus  and  the  confirma- 
tion of  the  reference  of  this  species  made  by  the  author  in  **  Genesis  of 
the  Arietidee,"  to  the  European  genus  Arnioceras  of  the  lower  Lias  in- 
volves several  points  of  great  interest. 

The  type  specimen  is  not  itself  tuberculated,  but  it  is  accompanied  by 
a  specimen  labeled  ^'Ammonites  nevadanum,'^  which  has  been  more  cor- 
rectly redescribed  by  the  author  as  Coronkenis  claytoni,  thus  referrinsr  it 
to  another  equally  well  known  lower  Liassic  genus  of  western  Europe. 

The  following  statement  is  quoted  from  page  410  of  my  pamphlet. 
"  Jura  and  Trias  at  Taylorville,  California  " : 

**The  lower  Lias,  containing  characteristic  Ammonitiuie,  one  sj>ecies  of  which 
{Ajmiocercui  humholdti)^  was  described  in  my  'Genesis  of  the  Arietidae,*  occurs  in 
the  region  formerly  called  the  American  district,  Nevada,  probably  in  the  southern 
portion  of  the  Star  Peak  range.  There  are  also  fossils  in  the  collection  of  the  mining; 
bureau  at  San  Francisco  labeled  as  having  been  gathered  in  the  Santa  F^  district, 
Esmeralda  county,  Nevada,  and  Inyo  county,  California.  These  would  not  lie 
worth  mentioning  were  tliey  not  roportcii  from  places  lying  in  the  direction  of  the 
general  strike  of  the  Jurassic  stmta,  and  also  in  perfect  accord  with  the  presence  of 
Arnioceras  humMdti.  One  species  is  a  form  of  Vermiceras  allied  to  V.  crmybeftri  of 
the  faunas  of  the  lower  Lias  in  Europe,  which  I  propose  to  name  V.  crossmani** 
The  second  foasil,  from  Inyo  county,  was  considered  by  me  in  the  work  already 
quoted  to  be  identical  with  Aruiorer(i»  hnmboldii^  but  a  reexamination  of  the  same 
specimens,  made  in  the  summer  of  1891,  has  satisfied  me  that  this  was  an  eri\>r. 
The  costse  are  more  closely  crowded,  and  th<»re  are  slight  constrictions  at  intervals 
on  the  whorls  of  the  nealogic  (adolescent)  stages.  These  disappear  later,  giving 
way  to  slightly  arcuate  costaj,  which  also  differ  from  those  oi  ArnuKera^  hntnhol'Vi 


*The*type  is  number  4989,  collection  of  Hie  Stute  Mining  Burenii,  San  Francisco,  CAlifornia,  fol- 
lected  by  J.  H.  Crossman.  There  is  one  specimen  vvitii  the  internal  whorls  and  part  of  a  livinjr 
chamber  in  good  condition,  and  two  large  fragments  more  compressed.  It  in  a  species  havinc 
numerous  whoria,  as  in  the  more  generali/.ed  forms  of  the  genus,  straight  numerou;*  cost«D  without 
tubercles  on  the  geniculee,  but  the  latter  are  prominent  on  the  outer  whorl  and  look  a*  if  the/ 
might  have  tubercles  in  later  stages.    The  alxiomen  in  channeled  and  keeled. 
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I  therefore  proix>Ke  for  this  peculiar  form  the  name  of  Amioceras  woodhuUi.*  These 
fleets  all  tend  to  the  conclusion  that  the  lower  Lias,  having  certain  forms  of  undeni- 
a  h>le  European  facies,  occurs  in  western  and  southwestern  Nevada  and  perhaps  in 
1  ''iilifnmia  east  of  the  creat-s  of  the  Sierra.'* 

These  conclusions  have  been  confirmed  not  only  by  the  above  but 
III  so  by  the  following  facts : 

Through  the  kindness  of  Mr  J.  S.  Diller  t  received  from  Professof 
Tliomas  Condon,  of  the  State  University,  Eugene  City,  Oregon,  a  small 
«*ollection  of  fossils  of  great  interest.  These  specimens  are  labeled  as 
Slaving  been  collected  by  Professor  Condon  on  Reaver  creek,  a  tributary 
of  Crooked  river,  in  the  Blue  mountains  of  eastern  Oregon.  They  show 
that  the  fauna  of  the  Hardgrave  sandstone  occurs  at  this  locality. 

The  matrix  is  red  sandstone  similar  to'the  rock  at  Taylorville.    The 
c-lose  affinity  and  probable  identity  oi  Pholadomyn  neradana,  Gabb,  from 
Beaver  creek  and  what  has  been  hitherto  named  P.  hingi.  Meek ;  the 
Identity  of  PhoIadom.ya  raidt'dlneata  in  this  locality  and  near  Volcano, 
and,  finally,  the  citation  by  Gabb  of  the  occurrence  of  Pecten  aciUiplicatvs, 
an  almost  unmistakable  form,  at  this  last  named  place  shows  that  the 
Hardgrave  sandstone  or  upper  Lias  exists  at  these  widely  separated 
localities  to  the  east  of  the  Sierra  Nevada,  as  well  as  at  Taylorville,  on 
the  western  slope  of  this  range.    Gabb,  in  the  same  publication,  describes 
and  figures  as  from,  this  locality  Turbo  regius,'}  Turbo  elevatus,  Pholadomya 
inultilineata^  Pholadomya  nevadana,  Goniomya  aperta,  Cardium  arcssformis, 
Astarte  appressa,  Plicdtula  perimbrwat<i,f  as  new  species  allied  to  Jurassic 
forms.     The  Ammonitina>  show  that  the  lower  Lias  certainly  exists  at 
this  locality  near  Walkers  lake,  in  southwestern  Nevada,  and  that  it 
]>robably  runs  from  thence  southward  into  Inyo  county  and  northward 
into  the  southern  part  of  Humboldt  county,  as  stated  above.     It  seems 
highly  probable  also  that  the   Hardgrave  fauna  exists  in   Esmeralda 
county,  Nevada,  thirty  miles  southeast  of  Walkers  lake,  in  close  conjunc- 
tion with  the  lower  Lias,  and  at  Beaver  creek  in  the  Blue  mountains  of 
eastern  Oregon,  and  it  is  obvious  that  there  was  no  barrier  between  these 
three  littoral  faunas  at  the  time  of  the  deposition  of  the  upper  Lias  of 
Taylorville  and  that  these  three  basins  were  contemporaneous   and 
connected. 

I  have  not  been  able  to  add  anything  in  this  })aper  with  regard  to  the 
middle  Jura  or  Oolites  beyond  what  has  been  given  in  the  paper  quoted 
above.J 

•The  type  is  in  the  collection  of  the  State  Mining  Bureau.  San  Francisco,  number  7642,  Inyo 
county,  California,  collected  by  D.  8.  Woodhull. 

tThe  lype»  of  those  marked  with  a  star  have  been  found  in  the  Whitney  collection.  Museum  of 
Comparattye  Zoology.    See  Am.  Jour.  Conch.,  1869. 

;Jura  and  Trias  at  Taylorville,  California,  p.  410. 
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IJppKR  JuuA  IN  California. 

AMMONITINJE. 

Cardiocertis  dabinm, — One  lot  of  fossils  from  Texas  ranch,  Calavera- 
county,  collected  l)y  Dr  G.  F.  Becker,  is  largely  composed  of  Ammonitir:;i 
of  one  species,  described  bfelow  as  CardloceraH  dnhlum^  and  is  found  a.-»<'H 
ciated  with  Aucella>.  The  sutures  are  present,  and  although  much  dis- 
torted, give  indications  of  affinity  of  considerable  value.  The  evident 
shows  that  it  is  a  species  of  Cardioceras  and  that  the  age  of  the  slates  in 
which  it  occurs  is  Upper  Jurassic.  The  nearest  affine  or  representiitivt- 
of  this  is  a  peculiar  variety  of  Cardiocerns  allernam,  sp.  Von  Buch,  whicli 
is  found  in  the  Oxfordian  and  only  in  the  Russian  fauna,  and  is  there 
also  accompanied  by  the  first  representative  in  that  region  of  the  genu< 
Aucella. 

Perisphinctes  virgidatijormis. — Perisphinctea  virfjulcUifomiis  was  found  by 
Dr  Curtice  near  Reynolds  ferry,  Stanislaus  river,  opposite  Bostwicks  bar.* 
This  species  has  all  the  peculiar  external  features  and  the  sutures  also  of 
a  characteristic  series,  the  Virgulatus  group  of  this  genus,  which  occur* 
only  in  the  Upper  Jura  in  Europe.  The  nearest  affine  is  a  species  from 
the  Solenhofen  slates,  described  by  Quenstedt  as  Ammonites  pUimdaOt* 
ftUijciua, 

(Ecotraustes  denticuUUti. — (Edotraxistes  deniicidata  was  also  found  at  Rey- 
nolds ferry  by  Dr  Curtice,  and  this  is  a  member  of  the  smooth-whorled 
section  of  the  genus,  having  a  denticulated  keel.  It  is  allied  to  iEc*^ 
travMes  lochenm^  sp.  Oppel.  of  the  Oxfordian,  and,  like  the  preceding,  indi- 
cates the  Upper  Jura. 

Associated  Foiifns. — Associated  with  these  Ammonitinte  at  Reynolds 
ferry  there  are  some  species  of  Cerithium,  of  no  great  value  in  determin- 
ing the  age  'of  the  rocks ;  also  some  Pelrci/poda,  too  imperfect  to  be  of  use. 
There  is  also  from  this  locality  an  Aviculoid,  which  may  be  a  near  ally  of 
the  peculiar  shell  first  described  as  Aucella  impressie,  Quenstedt,  from 
Upper  Jura  of  Wurtemburg.  Unluckily  I  have  not  been  able  to  deter- 
mine whether  the  best  specimen  had  an  anterior  ear  like  the  shell  de- 
scribed by  Quenstedt  or  whether  the  mark  I  saw  was  part  of  a  tooth. 
This  so-called  Amelia  impressw  of  Quenstedt,  as  stated  by  Lahusen,  is 
certainly  not  a  true  Aucella,  nor  even  a  member  of  that  genus. 

Perisphincies  jUiplex  (?). — Perisphincte^s  filiplex  (?)  sp.,  Quenstedt,  fouiul 
on  the  south  bank  of  Tuolumne  river  at  Moffats  bridge,  on  the  Stanislaus 
river  near  canyon  opposite  the  mouth  of  Bear  creek  and  six  miles  from 

♦a  "bar"  i8  a  term  used  in  the  west  to  indiojite  a  locality  on  a  river  where  plaeer  mininK  u 
carried  on. 


FOSSILS    FROM    TPPKR    JURA    OF    CALIFORNIA.  403 

Copperopolis,  is  very  generally  distributed  and  gives  also  positive  evi- 
dence that  the  Gold  belt  forms  of  Perisphinctes  belong  largely  to  the  group 
of  P,  alternant  of  the  Upper  Jura  of  Russia. 

Gabb's  type  of  Ammonites  colfaxi  and  the  positive  information  it  affords 
that  it  is  a  species  of  Perisphinctes,  together  with  the  description  of  Peri- 
i^Mnctes  miihlbachi,  anotlier  allied,  but  new  species,  from  the  black  slates 
of  the  same  series  of  rocks  southward,  in  Eldorado  county,  and  speci- 
mens of  the  species  mentioned  by  Whitney  *  as  coming  from  near  Fol- 
som,  Sacramento  county,  which  is  a  variety  of  milhlba^hi,  all  show  that 
the  slates  of  the  Gold  belt  are  of  Upper  Jurassic  age.  This  result  is 
strengthened  by  the  obvious  affinities  between  m'uhlbachl  and  the  Peri- 
^phinctes  found  in  the  slates  of  Tuolumne  and  Calaveras  counties  to  the 
south  of  the  localities  first  mentioned. 

FELRCYPODA  AND  GASTEROPODA. 

The  Pelecypoda  and  Gasteropoda  from  these  localities  are  too  frag- 
mentary to  be  of  much  value,  except  the  Amimum  aurarium,  Meek,  (?) 
which  may  be  identical  with  Meek's  species,  but  it  is  not  perfectly  sym- 
metrical, aa  in  Meek's  figure,  and  some  doubt  is  created  by  this  fact. 

The  remains  of  Belemnitince  were  found  at  localities  in  Mariposa 
county  and  near  Greenwood,  in  Eldorado  county.  The  forms  are  closely 
allied,  if  not  identical,  in  all  the  localities  explored,  l)ut  the  conditions  of 
these  fossils  are  very  unfavorable  for  exact  comparison.  They  do  not 
help  us  to  determine  the  age  of  the  rocks,  since  I  am  not  able  to  com- 
pare them  clearly  with  specias  from  other  places. 

A  UCELL.E. 

General.  Remarks, — The  remains  of  Aucelhe  are,  as  a  rule,  flattened  by 
compression,  but  the  markings  and  forms  of  the  shells  can  be  studied  in 
detail.  There  is,  of  course,  considerable  danger  that  one  may  be  some- 
times representing  the  results  of  compression  as  specific  differences,  but 
I  know  of  no  way  of  avoiding  this  except  by  the  use  of  large  numbers 
of  specimens,  and  there  has  been  no  dearth  of  materials.  The  gentlemen 
who  collected  them  have  had  the  true  spirit  of  good  collectors  and  filled 
their  bags  whenever  they  had  an  opportunity.  The  following  remarks 
are  abstracts  of  results,  which  will  be  given  in  more  detailed  dascriptions 
of  the  species. 

Aiicella  erringtoni. — Aucelln  erringloni,  Meek,  var.  arcuata,  was  found  at 
three  places,  on  south  bank  of  Tuolumne  river  at  MofTats  bridge,  on 
Stanislaus  river  opposite  mouth  of  Bear  creek,  and  six  miles  from  Cop- 
peropolis on  road  to  Sonora  and  grade  to  Angels  creek. 

•Auriferous  Gravels,  p.  37. 
LVII— Boll.  Orol.  Soc.  Am.,  Vol.  6,  1893. 
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This  is  the  extreme  form,  and  the  shell  is  in  some  cases  apparently 
smooth  and  in  others  marked  by  longitudinal  striflp.  Its  nearest  affint 
is  the  AicceUa  mosquetisis,  Keyserling,  as  figured  and  described  by  Lahusen 
from  the  lower  Volgian  in  the  Upper  Jura  of  Russia.  Aitcella  pa/ia-^i 
Keyaerling,  is  sometimes  slightly  striated  and  very  like  this  species  in 
general  aspect  of  the  left  valve,  but  the  characteristic  of  the  hinge  line 
of  the  right  valve  enables  one  to  separate  them  easily  from  each  other. 
The  explanation  is  simply  that  the  range  of  morphic  modification  in  the 
whole  group  of  the  genus,  and  likely  to  occur  in  every  species,  is  from 
Avicula-like  shells  with  circular  outlines  to  forms  with  narrow  arcuatt 
left  valves;  but  while  two  forms  may  be  similar  in  the  shape  of  the  left 
valve,  they  may  entirely  disagree  in  the  shape  of  the  hinge  lines  of  the 
less  modified  right  valves.  This  is  not  uncommon  in  highly  variable 
asymmetrical  Pelecypoda,  and  in  all  of  these  the  characteristics  of  the 
hinge  are  admitted  to  be  determinative  of  the  species. 

Comparison  oj  Aucellse. — Aucella  concenirica^  Fischer  (not  Keyserling), 
collected  at  Amackshack  bay,  Alaska,  may  be  the  same  as  this  species. 
The  narrow  smooth  form  of  Av-celln  piocht,'Ga\)h,  from  Riddles,  Oregon, 
sent  me  by  Mr  Diller  as  coming  from  the  Knoxville  group,  appears  to  In- 
very  similar  to  this  species.  This  last  is  sufficiently  distinct  from  tlie 
stout  plicated  form  of  Aucella  piochi  of  the  Shasta  group  to  be  separahb^ 
on  biologic  grounds,  and  it  is  probably  stratigraphically  distinct,  tlie 
mass  of  the  former  occurring  below  the  stouter  form  of  the  latter,  as  ha> 
been  shown  by  Messrs  Stanton  and  Diller.  The  history  of  these  two 
forms  accords  exactly  with  the  geologic  conformability  and  unbroken 
succession  of  the  strata  of  Knoxville  and  Shasta  groups,  as  stated  by 
Mr  Diller.  After  a  close  examination  of  the  large  collection  in  the 
National  Museum  I  came  to  the  conclusion  that,  as  a  rule,  the  narrow 
form  of  Aucella  piochi  occurred  dissociated  from  the  broad  plicated  form 
described  by  the  same  name,  and  accordingly  furnished  Mr  Diller  with 
a  list  of  Jocalities  to  test  in  the  field  the  question  of  superposition. 

The  following  is  a  part  of  his  field  report  for  1893  subsequently  sent  to 
Mr  C.  D.  Walcott,*  which  he  kindly  permits  me  to  publish  : 

"After  studying  the  rollection  of  Aucella;  at  the  National  Museum  last  year, 
Professor  Hyatt  exprei<f<ed  the  opinion  that  there  were  apparently  two  types  of 
Aucella,  one  Cretaceous  and  the  other  Jurassic.  Both,  however,  were  from  the 
Knoxville  beds.  lie  pave  me  a  list  of  localities  at  which  the  stout  or  Cretaceous 
forms  occur,  and  also  the  localities  at  which  the  slender  or  Jurassic  form  occurs* 
and  upon  examination  I  found  that  all  the  Cretacic  forms  come  from  bedb*  over- 
lying the  Jurassic  fonns.  The  investigations  made  this  year  by  Mr  Stanton  anil 
myself  point  in  the  same  direction,  but  I  am  not  sure  that  the  two  forms  are  not 
intermingled.     Mr  Stanton  made  collections  of  Aucellie  at  a  number  of  places,  an<i 

*  Chief  geologist,  U.  S.  Geological  Survey. 
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IV  ill  be  able,  i^hen  the  collections  arrive  and  he  studies  them,  to  satisfectorily  solve 
tlie  problem. 

*  *  There  is  one  point,  however,  concerning  which  there  is  no  doubt,  namely,  that 
t>otli  forms  occur  in  the  Knoxville  beds  near  together.  They  are  in  the  same  series 
of  sediments  laid  down  without  any  interruption,  and  if  one  is  Jurassic  and  the 
other  Cretaceous,  then  there  is  no  break  between  the  two,  and  the  Knoxville  beds 
"belong  to  both  systems. 

*  *  The  relation  of  the  Knoxville  and  Mariposa  beds  is  not  yet  satisfaxitorily  de- 
terixftined,  and  I  have  no  evidence  concerning  their  relation.  The  fact,  however, 
th.a.t  there  is  no  break  in  the  Shasta-Chico  series  makes  it  more  probable  that  the 
Knoxville  and  Mariposa  beds  are  unconformable." 

The  opinion  which  Mr  Diller  quotes  that  the  smooth,  narrow  form  of 
AticeUa  piochi  is  probably  Jurassic  was  founded  upon  the  supposition, 
which  then  seemed  to  me  reasonable,  that  it  was  identical  with  the  stri- 
ated, narrow  form  described  in  this  paper  as  Aucella  erringtoni  var.  arcuata. 
The  late  explorations  of  Mr  Stanton  and  Mr  Diller  have,  however,  dem- 
onstrated, what  the  collections  of  the  National  Museum  had  already  led 
nie  to  suspect,  that  these  two  were  distinct.     Not  only  are  nearly  all  the 
fosails  of  the  former  in  the  collections  of  the  National  Museum  smooth, 
but  I  am  informed  that  out  of  the  hundreds  examined  in  the  field  b}'^ 
these  two  gentlemen  and  brought  home  by  them  only  very  few  have  yet 
been  found  with  striations  like  those  of  the  Gold  belt  fossils.     Any  one 
familiar  with  the  slight  differences  that  characterize  species  of  this  genus 
will  at  once  see,  when  the  specimens  are  placed  side  by  side,  that  not 
only  are  the  Knoxville  forms  of  Aucella  piochi  deficient  in  striations,  but 
they  have  not  the  broad  posterior  wing  of  the  Aucella  eirimgUmi  var.  arcu- 
ata and  the  beaks  are  more  prominent,  extending  further  beyond  the 
hinge  line,  and  proportionately  narrower. 

Even  if  it  should  be  admitted  that  these  two  species  were  connected  by 
intermediate  forms,  this  fact  would  only  show  that  the  migration  of  the 
Aucellse  took  place  from  the  more  southern  basin  into  the  more  northern 
one,  and  give  a  solid  biologic  argument  for  the  conclusion  that  the  Gold 
belt  slates  are  older  than  the  Knoxville.  The  connecting  forms  are  con- 
fined to  one  variety  of  Aucella  erringtoni  var.  arcuata  having  striations, 
and  to  one  variety  of  extreme  rarity  in  the  Knoxville,  Aucella  piochi  of 
the  slender  variety,  having  striations.  The  remaining  varieties  and  spe- 
cies are  distinct.  The  Aucella  piochi  has  its  own  peculiar  series  of  forms, 
which,  as  will  be  shown  by  Mr  Stanton,  pass  from  the  slender  form  in 
the  lower  Knoxville  into  the  stouter  constricted  shells  of  the  upper 
Knoxville,  and  are  there  associated  with  Cretacic  species  of  Ammonitina'. 
The  Aucella)  of  the  Mariposa  region  have  their  own  peculiar  series  of 
broad  and  rounded  forms  having  affinities  for  the  slender  Aucella  erring- 
toni  var.  arcuata^  but  they  evolve  along  diff'erent  niorphic  lines  from 
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Atwellu  piochl,  and  are  a^ssociated  with  Ammonitiute  of  the  grouii  of 
Perl»phinc1ei*  of  the  Ui>per  Jurassic  facies,  and  so  far  not  a  single  spec'it> 
of  this  genus  has  been  found  in  the  Knoxville.  The  conclusion,  there- 
fore, that  the  Knoxville  slates  contain  a  distinct  and  younger  fauna  than 
the  Gold  belt  slates  rests  upon  a  very  strong  basis  of  paleontolc^c  evi- 
dence. 

Aucella  elongaUi, — Auc.ella  elongata  found  near  Reynolds  ferry  is  a  broad 
and  also  excessively  elongated  shell  and  very  distinct  from  AncMa  erriag- 
toni  var.  arcuaia  in  the  cliaracteristics  of  the  outline,  the  constancy  of  the 
longitudinal  striation,  and  the  shape  of  the  hinge  line  in  the  right  vah>. 
The  representative  fonn  of  this  species,  as  stated  by  Lahusen,  in  Rus&iu 
may  be  AitceUa  bronrii  from  the  zone  of  Cardiocenis  alternans,  in  the  Upper 
Jura  of  Russia. 

Aiicella  avicuhefmiim,  from  several  places  in  Calaveras  county,  has  an 
outline  somewhat  like  Avicula,  with  a  broad  posterior  wing.  The  younir 
shells  are  similar  to  those  of  Aucella  obicularis,  but  they  become  more 
elongated  by  growth.  Some  of  Eichwald's  species  from  Alaska,*  as  fig- 
ured by  him,  certainly  appear  to  have  been  identical  with  this  California 
shell  in  outline,  but  they  are  not  striated.  There  may  be  close  affinity 
between  this  species  and  Aucella  mosqueims,  Whiteaves,  of  Queen  Char- 
lottes island,  as  stated  by  Lahusen,  and  also  with  V^olgensis^  I^ahusen, 
but  in  all  of  these  suj)posed  congeners  longitudinal  stria?  are  absent  in 
the  drawings,  at  least,  and  the  posterior  wings  of  the  valves  are  not  well 
developed. 

Aucella  obicularis. — Aucella  olncularis,  from  all  the  mentioned  loc*alitie:* 
in  Calaveras  county,  has  an  extremely  circular  outline,  and  the  hinge 
area  of  the  left  valve  is  correspondingly  modified,  the  anterior  part  beinj; 
very  gibbous  and  protul)erant.  Eichwald  f  has  figured  a  similar  fonn 
from  Alaska,  but  here  again  our  species  differs  in  being  striated. 

Conclusions  buMd  on  Studt/  of  Aucella. — The  .evidence  gathered  from  tiie 
study  of  Aucella  shows  that,  while  forms  of  this  genus  in  the  California 
slates  of  the  Mariposa  series  are  all  more  or  less  distinct  on  account  of  the 
prevalence  of  the  strong  longitudinal  stria?,  they  represent  two  groups  of 
AucelUu  as  they  appear  in  P^urope.  It  is  obvious  that  the  forms  which  1 
have  named  Aucella  orblcfdarls,  avlcuU.eformls  and  elongaia  have  abroad 
hinge  and  gibbous  oral  or  anterior  outline  in  the  right  valve  like  that  o( 
the  palhm  type,  whereas  Aucella  errlnglonl  var.  arcuaia  has  a  narrow 
hinge  line,  with  the  umbo  more  nearly  central,  as  in  the  Mosipuiisis  ty[>e 
of  that  genus,  and  it  is  the  latter  alone  which  approximates  in  outline 
to  the  nan'ow  form  of  Aucella  plochl,  Gabb,  prevalent  in  the  Knoxville 
series. 


^Aurelln  paln»si,  Elchwuhl:  Maiijcischrtlk  et  Alout^  luseln,  pi.  17,  f.  ."M,  and  Mosquensis,  t  IS-'*- 
fMangisoIialk  et  Aleuts  Inseln,  pi.  17,  f.  2. 
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There  seems  to  me,  therefore,  to  be  good  grounds  for  .the  following 
conclysions : 

1.  That,  laying  aside  the  vexed  question  of  what  constitutes  a  species, 
there  are  here  three  distinct  and  probably  connecteii  forms,  beginning 
with  and  perhaps  evolved  out  of  Ancella  ennngtoni  var.  arcuata,  or  some 
common  form  represented  most  nearly  by  it,  which  migrated  along  a 
changing  sea  bottom  in  which  sediments  were  accumulating. 

2.  That  as  the  sediments  accumulated  the  Aucella  erringioni  var.  arciiata 
<i^radually  shifted  its  location  chorologically  northward  and  chronolog- 
ically upward  into  the  Knoxville  basin,  changing  as  it  migrated  into 
A  ucella  piochi  of  the  slender  form. 

8.  That  in  the  same  basin  this  species  remained,  migrating  chronolog- 
ically with  the  accumulation  of  sediments  and  gradually  changing  into 
the  stouter,  constricted  form  known  under  the  same  name,  but  stated  by 
Messrs  Diller  and  Stanton  to  occur  only  in  the  upper  part  of  the  Knox- 
ville slates. 

I  do  not  state  here  the  exact  lines  followed  in  this  migration,  but  only 
the  result  in  the  final  arrival  of  the  modified  form  in  the  Knoxville 
basin. 

Stoliczka's*  figure  of  a  form  of  Aiicella  discovered  in  the  Tagling  lime- 
stone, lower  Lias  of  India,  certainly  appears  to  support  this  opinion,  and 
the  discovery  shows  that  this  genus  originated  earlier  in  the  Jura  than 
has  been  supposed  and  must  have  traveled  northward  in  Asia,  as  it  did 
in  this  country.  It  is  to  be  noticed  also  that  this  Liassic  shell  has  fine 
radiating  striee  like  our  own  Upper  Jurassic  species  in  California. 

It  will  be  remarked  here  that  I  take  a  position  different  from  that 
generally  adopted  in  Europe  and  oppose  the  inference  that  the  northern 
Aucellae  migrated  to  the  southward. 

Wliether  there  is.  nonconformity  between  the  Knoxville  and  Gold  belt 
slates  is  of  no  consequence  to  this  argument;  it  is  just  as  sound  in  case 
of  conformity]  as  of  nonconfonnity.  If  there  is  conformity,  probably 
varieties  oiAuceUci  will  be  found  having  not  only  identical  striations,  but 
other  characteristics  identical  with  those  of  Aucella  erringtani  var.  arcuaUi 
in  the  lowest  part  of  the  Knoxville  group  or  below  it  in  rocks  not  yet 
explored. 

CONCLUSIONS  DERIVED  FROM   ASSOCIATIONS  AND  COMPARISONS  OF  FAUNAS. 

Thes^  conclusions  are  based  upon  Aucelhe,  but  the  collateral  evidence 
of  associated  forms  in  the  diff'erent  faunas  gives  additional  strength  to 
the  same  opinions. 

*  Aucella  leguminosa^  Stoliczka:  Mem.  (leol.  Survey  of  India,  1866,  pi.  6,  f.  8. 
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The  Ammonitinae  associated  with  Aucella  erringtoni  are  peculiar  specie- 
of  Perisphinctes  and  of  other  genera  of  the  uppermost  Jurassic  more  nearly 
allied  to  the  similar  species  of  that  genus  found  in  the  AuceUa-beariiii: 
rocks  of  central  and  northern  Russia  than  those  of  any  other  fauna.  Th»' 
uppermost  Jura  in  Europe,  Asia,  India  and  South  America  is  charai  - 
terized  even  where  no  Aucellse  have  heen  found  by  the  prevalence  of 
Perisphiyictes,  and  we  can  now  add  North  America  to  this  list. 

Having,  through  the  kindness  of  Messra  Diller  and  Stanton,  been  per- 
mitted to  study  Ammonitina?  collected  by  them  in  the  upper  Knoxville. 
I  can  now  say  that  the  fauna  of  the  entire  Gold  belt  series  of  slates  havt 
nowhere  been  found  to  contain  a  species  similar  to  those  of  the  numerou? 
Ammonitinaj  found  in  the  Cretacic  faunas  of  the  upper  Knoxville  an«l 
Shasta  groups.  The  fact  that  some  genera  usually  pass  from  the  up^HT- 
raost  Jura  into  the  Cretaceous  is  of  no  consequence  in  this  connection 
and  can  be  ignored. 

Tlie  only  specimen  about  which  I  am  now  doubtful  is  that  nanieti 
Olcostephanu^  (?)  lindgreni.  This  shell  has  characteristics  which  might 
occur  in  either  an  Upper  Jurassic  or  early  Cretacic  shell,  but  its  nearf>t 
congener  aj)pears  to  be  one  described  as  occurring  in  the  youngest  Jun\ 
of  Russia.  The  doubt  in  this  case  arises  from  the  imperfect  preservation 
of  the  umbilicus  and  the  imporUmce  of  the  characteristics  thus  obscure*! 
or  destroyed  for  the  exact  determination  of  the  affinities  in  the  shells  of 
this  genus,  the  species  of  which  occur  lioth  in  the  Jura  and  in  the  Cre- 
taceous faunas  of  Europe. 

Aucella*  occur  in  the  Russian  faunas  accompanied  by  Cardiocer<v< 
aUeraans  (allied  to  our  Cardioceras  duhinm)  ;  in  the  Oxfordian  of  central 
Russia;  in  the  later  horizons  of  the  Jura  further  north,  with  a  limite<) 
number  of  Peri&phinctes,  and  in  the  highest  and  youngest  members  of  the 
Jura  in  thick  deposits,  of  which  the  Aucellic  are  almost  the  only  fossils. 
This  is  parallel  with  the  history  of  the  Aucelliv-bearing  rocks  of  CalifoniiH 
as  compared  with  those  of  Knoxville.  Lastly,  Aucella^  of  similar  forms 
to  those  of  the  pHcated  broad  shells  of  Aucella  piochi  occur  in  the  recog- 
nized lowest  Cretacic  faunas  of  Russia  associated  with  numerous  Am- 
monitinae of  many  genera,  as  they  do  in  the  upper  Knoxville  and  Shasta 
groups. 

I  have  referred  above  to  the  similar  relations  existing  between  the 
Alaskan  species  of  Aucelhv  and  some  of  these  forms.  Eichwald  dis- 
tinctly asserts  the  association  of  these  Alaskan  species  with  Ammonitina'. 
but  his  text  does  not  confirm  this  sttitoment,  since  he  gives  no  local  IhU 
and  makes  nowhere  any  direct  assertion  that  they  occurred  in  the  same 
slabs  with  AmmonitiuiP.  Grewingk  did  not  find  Aucella  associated  with 
the  species  of  Ammonitinae  that  he  collected,  nor  has  Dall  in  his  collec- 


COMPARISON   OF   FAUNAS.  409 

tion  of  Aucellfe  described  by  Dr  White.*  This  negative  evidence  coin- 
cides with  the  facts  brought  to  light  by  the  examination  of  the  Am- 
nionitinse  of  Alaska  and  those  of  mount  Jura  and  the  Black  hills.  All 
the  fossils  so  far  described  from  these  localities  belong  to  faunas  older 
than  those  of  Europe  in  which  Aucella  occurs. 

The  feiuna  of  the  Black  hills,  acknowledged  to  be  Jurassic  by  every 
one  but  Whiteaves,  is  in  j)art  apparently  synchronous  with  that  of  the 
Aleutian  islands  and  Alaska,  as  described  by  Eichwald  and  Grewingk. 
The  differences  between  the  Upper  Jura  fossils  in  both  are  simply  such 
as  might  occur  between  any  two  different  basins  situated  in  approxi- 
mately contemporaneous  faunas.  This  parallelism  and  the  additional 
negative  evidence  of  the  collections  of  Grewingk  and  Dall  led  me  to  sus- 
pect that  Eichwald  might  possibly  be  wrong  in  stating  that  the  Aucella) 
of  Alaska  were  associated  with  the  Ammonitina*  of  the  Upper  Jura  which 
he  describes. 

The  faunas  of  Alaska,  the  Black  hills,  and  Aurora,  Wyoming,  corre- 
spond in  part,  at  least,  so  far  as  the  marine  invertebrata  are  concerned, 
to  that  part  of  the  Jura  known  in  Russia  as  the  zone  of  Cardioceras  cor- 
(UUum,  in  the  lower  Oxfordian.  This  might  of  course  in  this  country 
contain  species  of  Aucella?,  but  in  that  case  they  ought  to  be  forms  of 
that  genus  quite  different  from  any  found  in  Europe  and  representing 
older  and  more  primitive  types,  or  else  close  allies  of  Aucella  elongata  or 
other  striated  species  of  our  zone  of  Cardioceras  duhium. 

The  faunas  of  mount  Jura  at  Taylorville  for  the  most  part,  as  stated 
above,  are  older  than  those  in  which  Aucellse  are  found  in  Europe,  and 
so  also  is  that  described  by  Dr  White  from  Alaska.  Supposed  Aucella) 
have  been  found  in  the  Upper  Jura  of  western  Europe,  but,  as  stated  by 
Lahusen,  they  are  not  really  species  of  this  genus. 

In  Russia,  according  to  Pavlow  f  and  other  authorities,  notably  Lahu- 
sen,  the  zone  in  which  Aucella  makes  its  first  appearance,  that  of  Car- 
dioceras aUemans,  immediately  succeeds  in  time  the  zone  of  Cardioceras 
mrdatum,  now  more  properly  designated  Quenstedioceras  cordatum,  both 
being  in  the  Oxfordian,  the  former  unquestionably  the  younger.  There 
is  therefore  a  sound  basis  for  the  conclusion  that  the  Jura  of  the  Gold 
belt  is  younger  than  that  of  the  Black  hills  and  in  part,  at  least,  than 
that  of  Alaska  and  the  Aleutian  islands.  The  direct  evidence  afforded 
by  the  Ammonitinse  of  the  rocks  at  Texas  ranch,  in  Calaveras  county, 
where  Cardioceras  duhium  represents  Cardioceras  alternans,  places  these 
rocks  as  the  equivalent  of  the  upper  Oxfordian  in  Russia. 
At  the  Stanislaus  river  locality  there  occurs  Perisphinctes  virgulatiformis, 

♦  Bulletin  no.  4,  U.  S.  Geological  Survey. 

fSyst.  Jurat's,  de  I'Est  de  la  Rusxie :  Bull.  Soc.  Geol.  France,  3d  ffer.,  vol.  xH,  18«»-'*4,  p.  086. 
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a  species  of  the  same  group  as  PeriAphincic^^  of  the  Solenhofen  slates,  an 
(Ecotramtes  dfi.nticitlata,  another  prevalent  form  in  the  youngest  fauna.'5  •: 
the  Jura  in  Europe.  This  association  is  again  similar  to  that  of  the 
faunas  in  Russia,  since  the  Volgian,  being  in  the  Portlandian  and  occur- 
ring just  above  the  Oxfordian  in  that  country,  is  equivalent,  80  far  'a< 
position  is  concerned,  in  part  at  least  to  the  Solenhofen  slates.  Thi- 
comparison  is  sustained  by  the  obvious  fact  that  in  the  fauna  of  this  au'i 
other  similar  localities  the  genus  Perlfiphiiictes  is  the  i)revalent  form  «'i 
the  Ammonitinre  associated  with  Aucella,  as  is  also  the  case  in  the  Rus- 
sian fauna  supposed  to  be  of  corresponding  age. 

I  have  thought  it  best,  as  may  be  seen  above  and  further  on,  to  o^ii- 
sider  the  rocks  of  the  western  slopes  of  the  Sierra  Nevada  containiii;: 
Periaphinctes,  such  as  those  near  Greenwood  and  Colfax,  as  provisionally 
of  the  same  age,  although  they  contain  no  Aucellse.  The  relations  of  tiie 
faunas  of  localities  mentioned  presents  also,  as  regards  the  intimate  rela- 
tions and  probable  chronology  of  the  appearance  of  the  different  specify 
of  Aucellae,  a  remarkably  close  parallel  with  what  Lahusen  has  worke  i 
out  in  Russia. 

The  Stanislaus  river  locality  has  only  Aucella  efangata,  aviculs^rfonni'^ 
and  orbicuhriji,  all  of  which  belong  to  the  Pallasi  type  of  Aucella,  thai 
which  appears  first  in  Russia.  At  the  locality  on  the  south  bank  of 
Tuolumne  river  Aucella  erringtoni  var.  arcaata  makes  its  appearance,  and 
this  is  the  representative  of  the  Mosquensis  type,  which  also  in  Russia 
appears  after  paUasi  and  bronni. 

The  foregoing  are  merely  tentative  comparisons,  so  far  as  the  relative 
chronology  of  the  beds  of  the  Gold  belt  slates  are  concerned.  In  order 
to  give  a  final  opinion  more  materials  are  necessary  and  some  of  the 
geologic  details  of  the  relations  of  the  rocks  in  these  different  localities 
should  also  be  ascertained.  They  will,  however,  it  is  hoped,  serve  to 
draw  the  attention  of  geologists  and  collectors  to  the  need  of  making  col- 
lections as  extensive  as  possible  in  every  locality,  and  to  the  importance 
of  noting  the  exact  horizon  of  each  fossil,  even  though  it  occurs  in  iranie- 
diately  contiguous  and  conformable  strata  in  the  same  bank  or  quarry 
and  appears  to  them  in  the  field  to  be  the  same  species. 

Classification  of  the  Jura. 

The  full  classification  of  the  parts  of  the  Jura  in  this  country  remains, 
of  course,  to  be  worked  out,  but  for  general  purposes  and  as  a  provisional 
guide  I  have  found  that  the  general  classification  given  by  Steinmann*  i? 
the  most  satisfactory.  Probably  no  strictly  European  classification  will 
sufl&ce,  but  it  seems  clear  that  we  can  distinguish  in  the  system  of  the 

*  Elemente  der  Paleontologie,  Leipsfg,  1890. 
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Jura  the  following  aeries :  Lias  or  Lower  Jura,  Oolite  or  Middle  Jura 
and  Malm  or  Upper  Jura. 

In  the  Lias  we  have  the  Lower  Lias  and  Upper  Lias,  but  the  Middle 
X.ias  has  not  yet  been  discovered. 

In  the  Oolite  the  Taylorville  fauna  may  possibly  represent  what  Stein- 
mann  calls  the  Lower  and  Middle  Oolite,  which  is  about  equivalent  to  the 
Inferior  Oolite  of  England.  The  Upper  Oolite,  if  it  exists  in  America, 
lias  not  yet  been  distinguished. 

In  the  Malm  we  can  distinguish  at  Taylorville  the  Callovian  or  Kello- 
-way,  the  lowest  series  of  the  Upper  Jura,  and  what  seems  to  be  the  equiva- 
lent of  the  Corallian,  a  late  stage  of  the  Oxfordian  series  in  Europe. 

The  basin  of  the  Black  hills  contains  the  Lower  Oxfordian,  and  in 
Alaska  the  same  occurs  with  probably  other  members  of  the  Jura,  not 
yet  distinguished.  Their  age  appears  to  be  in  large  part  younger  than 
the  Callovian  of  Taylorville  and  older  or  only  in  part  contemporaneous 
Tvith  the  supposed  Corallian  of  that  locality,  as  previously  stated  by  me.* 

The  Gold  Belt  series  of  slates  is  apparently  in  large  part,  if  not  as  a 
whole,  later  in  age  than  the  rocks  just  referred  to.  It  includes  part  of 
what  the  Russians  regard  as  the  youngest  Oxfordian,  and  also  the  Port- 
landian  or  Kimmeridgian  and  possibly  even  including  in  part  or  as  a 
whole  the  equivalent  of  their  Volgian,  the  youngest  stage  of  the  Tithonian, 
the  topmost  series  of  the  Jura  in  Europe. 

In  other  words,  it  may  be  said  that  the  Malm  or  upper  Jura  appears 
in  this  country  to  have  at  least  four  very  distinct  faunas,  that  of  the 
Bicknell  sandstone  at  Taylorville,  that  of  the  Black  hills  and  Alaska, 
that  of  the  Hinchman  tuff  at  Taylorville,  and  that  of  the  Mariposa  and 
Colfax  regions  in  California.  The  latter  can  be  subdivided,  as  has  been 
done  above,  according  to  the  Russian  classification,  into  several  minor 
faunas,  but  as  a  whole  they  are  obviously  younger  than  the  fauna  of  the 
Bicknell  sandstone  which  I  have  compared  with  the  Kelloway  or 
Callo\nan. 

It  is  not  practicable  to  tabulate  these  views  without  giving  to  them  an 
appearance  of  greater  precision  than  they  deserve,  but  nevertheless  I 
have  attempted  to  do  this  in  order  to  put  them  more  clearly  before  the 
minds  of  paleontologists. 

I  desire  again,  in  this  connection,  to  say  that  the  subdivision  of  the 
Gold  belt  slates  rests  on  very  slender  information  and  is  merely  sugges- 
tive. I  am  especially  doubtful  with  regard  to  the  relative  age  of  the 
Colfax  slates,  and  whether  they  are  really  the  youngest  or  the  oldest  of 
the  Gold  Belt  series  may  be  considered  as  unsettled.  In  fact,  I  put  them 
in  the  table  in  their  present  definite  shape  more  to  excite  the  attention 
and  interest  of  collectors  in  this  field  than  for  any  other  purpose. 


*  Jura  and  Triaa  at  Taylorville,p.  410. 
LVIII— Bull.  Qbol.  Soc.  Ax.,  Vol.  6, 1893. 
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Relative  Age  of  the  Rocks  of  different  Localities. 

In  order  to  place  the  relative  age  of  tlie  rocks  in  different  l<x;alit]e$ 
in  what  I  regard  provisionally  as  their  correct  order,  I  have  prepared 
the  following  tabulated  view  of  the  Trias  and  Jura : 

Trias. 

Aspen  mountains,  Idaho,  near  Soda  springs.  { "^^^^^Ix^  ""^  ^""^^^  ^^''''^" 

Star  Peak  range  (northern  part) ^ 

New  pass,  Desatoya  mountains,  Nevada >•  Muschelkalk. 

Esmeralda  county,  Nevada J 

Taylorville,  California Noric  and  Karnic. 

American  canyon,  California : 
Monotis  bed. 


\ 
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Trias  or  Lias. 

A  merican  and  Sailors  canyons,  California : 
DctoneUa  bed. 
Ammonites  bed. 
GryphsRa  bed. 
Snow  Mountain  bed. 

Jura. 

Lower  Jura  or  Liasgian. 

Inyo  county,  California 1 

Ksmeralda  county,  Nevada I  Ty^«r*ir  t  ioa 

Southwestern  part  of  Star  Peak  range  (?),  Ne-  (  ^^^^  ^^* 
vada  . : J 

£8iiieralda  counUr,  Nevada 1 

Taylorville,  California >  Hardgrave  sandstone.  Upper  Lias. 

Beaver  creek,  Oregon J 

Middle  Jura  or  Oolite. 

T^,ri^i.^iio  /  Thompson  limestone ) 

ia>  lorvuie  ^  Mormon  sandstone \  Inferior  Oolite. 

Canyon  of  the  Yellowstone J 

Upper  Jura  or  Malm, 

Taylorville  (Bicknell  sandstone,  Callovian)..  1 

Black  hills,  Dakota I  Tvx«r«>^  rk«-f/>^{on 

Red  buttes,  North  Platte [  Lower  Oxfordian. 

Aurora,  Wyoming J 

Taylorville,  Hinchman  tuff,  CoralHan Upper  Oxfordian. 

Mariposa  basin,  zone  of  Cardioceras  duhium  (?) 
Mariposa  basin,  cone  of  Perisphinctes  virgula- 

tisjformui  (?) 

Mariposa  basin,  zone  of  AuceUa  erringtoni  var. 

arcuata  (?) 

Colfax  basin,  w^ith  Belemnites  and  Perisphhic- 

teji  coJfojci  and  muJdbaM 


Includes  from  Upper  Oxfordian  to 
the  Tithonian. 


Descriptions. 
fossils  of  american  and  sailors  canyons,  california. 

AMMONITINiE. 

These  fossils,*  although  abundant  and  sufficiently  well  preserved 
otherwise,  show  no  suture  lines,  and  it  is  therefore  not  considered  advis- 
able to  describe  them  at  present. 

•The  Bpecimens  were  collected  by  Dr  Curtice,  of  the  United  States  Oeological  Survey,  in  July 
1891,  in  iihale  beds  of  the  American  canyon,  north  side,  about  one-third  of  a  mile  east  of  American 
Granite  ledge,  in  a  ravine.  They  were  described  by  Dr  Curtice  as  lying  just  beyond  the  Carbon- 
iferous in  going  up  American  canyon  and  before  arriving  at  New  Yorlc  canyon,  in  what  he  has 
called  the  Monotis  shales. 
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PELECYPODA. 

Monotia  semiplicata,  n.  s. 
Loc,  American  canyon. 

This  shell  has  a  more  elongated  form  than  Monotis  subchrctuarU, 
being  narrow  anteriorly  and  then  widening  out  posteriorly.  There  are 
concentric  lines  over  the  whole  valve,  but  only  the  umbonal  ridges  and 
posterior  parts  of  the  valves  are  adorned  by  radiating  ridges.  These 
consist  of  coarse,  linear,  straight  ridges  or  costje  widely  separated  and 
with  finer  lines  between  them.  The  extreme  border  of  the  posterior  part 
of  the  shell  in  the  vicinity  of  the  hinge  is  also  destitute  of  radial  lines. 
There  is  a  distinct  but  very  small  posterior  wing,  and  the  anterior  edore 
has  also  a  very  slight  extension,  just  enough  to  make  it  appear  straight 
The  anterior  or  oral  region  is  short,  the  umbo  varying  from  nearly  ter- 
minal to  about  one-fifth  of  the  antero-posterior  diameter  from  the  oral 
end.  The  posterior  end  is  much  broader,  the  shape  being  an  extended 
oval,  narrower  anteriorly  than  posteriorly.  The  umbo  is  situated  nearer 
the  center  in  young  specimens,  but  always  well  toward  the  anterior  end, 
and  the  shape  of  the  valve  does  not  change  materially  with  growth.  The 
species  is  gregarious,  thickly  crowded  on  the  slabs,  having  had  similar 
habits  in  this  respect  with  Afonolis  scdinaria  and  avbcircidaris.  It  is  obvi- 
ously either  a  Triassic  or  Rhetic  species. 

Monotis  symmetrica^  n.  s. 
Loc,  American  canyon. 

The  shells  of  this  species,  although  found  at  the  same  locality  in  the 
canyon,  differ  from  those  of  M.  semiplicatus  most  markedly  in  outline 
and  the  position  of  the  umbones.  These  are  almost  central  in  young 
shells,  and  about  one-third  of  the  antero-posterior  diameter  distant  from 
the  anterior  oral  edge  in  adults.  The  shape  is  irregularly  elliptical,  the 
long  hinge  line  forming  the  upper,  flattened  part  of  the  outline.  The 
anterior  end  is  narrower  than  the  posterior  and  the  branchial  edges 
evenly  rounded  and  gibbous.  There  are  regular  concentric  ridges  and 
some  radial  folds  along  the  umbonal  ridges  much  slighter  than  in  M, 
semiplicata  and  apparently  absent  in  one  adult  and  one  young  speci- 
men. It  is  much  rarer  than  its  companion  species,  only  seven  speci- 
mens having  been  found  on  the  slabs  with  Monotis  semiplicatits.  The 
aspect  is  that  of  a  species  of  Dnonella,  but  the  evident  affinity  with 
Monotis  semiplicata  is  vouched  for  by  the  presence  of  similar  posterior 
and  slight  anterior  wings. 
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Daonella  (?)  subjecta. 
Loc,  Sailors  canyon.    Coll.,  Dr  Curtice. 

Tlie  fossils  of  this  species  are  much  compressed  and  not  well  preserved, 

but  tliey  are  probably  referable  to  the  genus  Daonella.    The  outline  varies 

from   an  ellipse,  the  antero-posterior  axis  considerably  longer  than  the 

dorso- ventral,  which  is  evidently  the  normal  form,  to  an  oval,  with  the 

longest  axis  dorso-ventral.    How  much  of  the  last  is  distortion  due  to 

fossilization  it  is  impossible  to  say,  the  material  being  very  limited.    The 

sliell    is  marked  by  coarse  concentric  ridges  near  the  umbo,  becoming 

finer  outwardly,  as  in  Daonella  and  Monoiu;  the  radiating  lines  are  coarser 

tlian  in  any  other  species  of  Daonella  from  Sailors  canyon,  with  a  finer 

line  between  each  pair  of  coarse  ones.    The  hinge  line  is  certainly  that 

of  a  Z>aaneUa,  but  I  have  used  a  query  after  the  generic  name  on  account 

of  the  state  of  preservation  of  the  specimens  on  hand,  only  two  of  which 

are  whole.    The  radiating  lines  are  distributed  about  equally  over  the 

entire  surface,  but  are  more  prominent  near  the  centers  of  the  valves. 

These  fossils  were  regarded  by  Dr  Curtice  as  lying  above  the  Monotis 

shales,  and  this  agrees  with  the  paleontology.    There  were  no  associated 

species  in  the  single  small  slab  of  black  shale  collected. 

Daonella  b'dchiformisy  n.  s. 
Loc,  Sailors  canyon. 

This  shell,  as  the  name  indicates,  is  a  close  approximation  to  the 
European  D.  bochi  of  Mojsisovics  from  the  passage  beds  between  the 
Muschelkalk  and  Noric  series.*  The  umbones  are  nearer  the  center 
than  in  that  species,  the  concentric  ridges  more  linear  and  the  radial 
marking  more  distinct  and  closely  crowded.  It,  however,  belongs  to  the 
primitive  type  of  the  group  which  approximates  closely  to  the  ancestral 
genus,  Posidonia.  The  American  species  is,  however,  evidently  more 
distant  from  Posidonia  in  the  genetic  series  and  nearer  the  typical,  heavily 
striated  forms  of  the  genus  than  the  European  forms.  Our  species  is 
also  probably  smaller  as  a  rule  than  the  D.  bochi.  The  outline  is  that  of 
a  flattened  ellipse,  the  lower  edge  being  gibbous  and  the  hinge  line  flat- 
tened, the  longest  dorso-ventral  diameter  being  near  the  center.  The 
young  shells  are  radiately  ridged  at  a  comparatively  early  stage  of 
growth  and  the  Posidonian  stage  is  not  strongly  marked.  A  fragment 
of  this  species  was  found  associated  with  a  species  of  Ammonitince  from 
the  Ammonites  bed  of  Sailors  canyon.  These  were  for  the  most  part 
found  below  the  Ammonitinro  and  were  accompanied  by  a  few  poorly 
preserved  Pelecypoda  of  several  other  genera. 


*  Daonella  and  Hulobia,  Abh.  geol.  Reichsunst.,  vol.  vii,  pi.  3,  f.  15. 
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DaoneUa,  sp.  (?) 

This  seems  to  differ  from  bochiformis  only  in  outline.    The  umbone? 
*  are  nearer  the  anterior  end  and  the  dorso-ventral  diameter  at  the  um- 
bones  is  markedly  longer  than  that  near  the  posterior  end. 

Daonella  cardtnoides,  n.  s. 

The  valve  of  this  shell  often  has  an  outline  like  some  species  of  Car- 
dinia  and  the  longitudinal  striae  are  correspondingly  curved  toward  thf 
anterior  and  posterior  ends ;  otherwise  it  is  similar  to  D,  hochiforfni^ 
A  specimen  of  this  species  was  found  associated  with  the  cephalopotl- 
of  the  Ammonites  bed  of  Sailors  canyon,  but  the  bulk  of  the  specinlen^ 
were  found  in  the  bed  below  this. 

In  company  with  the  species  of  Daonella  there  are  several  specinieni 
of  other  species  of  Pelecypoda,  but  none  of  them  sufficiently  well  pre- 
served to  be  of  any  value  for  the  determination  of  age.  Some  of  the>e 
last  are  also  associated  with  the  Ammonitinse. 

Hemieniolium,  (?)  sp.  (?) 
Loc,  Sailors  canyon. 

Several  impressions  and  molds  of  single  valves  represent  what  I  have 
doubtfully  referred  to  the  genus  HemieiUoliunu  These  are  very  small 
shells  having  heavy  concentric  folds  at  irregular  intervals  like  those  of 
an  ostrean.  The  form  is  aviculoid  with  apparently  straigh't  hinge,  as  ia 
often  the  case  in  poorly  preserved  specimens  of  Hemientolium.  There 
is,  however,  in  one  specimen  an  appendage  that  appears  to  be  an  ante- 
rior wing  extending  dorsally  beyond  the  hinge  line,  and  in  several  others 
the  lines  of  growth  and  the  irregular  aspect  of  the  same  part  confirms 
this  impression.  The  resemblance  to  H.  daytonensis  is  not  quite  close 
enough  to  make  one  sure  of  identity  and  I  prefer  to  leave  both  genus 
and  species  uncertain.  Some  of  them  are  associated  in  the  same  slab 
with  a  fragment  of  Ammonites^  showing  that  they  came  from  the  lower 
part  of  the  Ammonite  bed  south  of  Sterretts. 

Panopea  (?),  sp.  (?) 
Loc,  Sailors  canyon. 

A  crushed  imperfect  cast  of  a  right  valve  has  a  resemblance  to  the 
species  described  by  Gabb  as  Panopea  (?)  remondi  from  Sonora,*  but  the 
beak  is  perhaps  nearer  the  cciter.  There  are  heavy  concentric  folds  on 
this  cast,  but  these  are  evidently  largely  due  to  pressure,  and  between 

♦  Geol.  CHlifornift,  Pal.  1,  p.  23,  pi.  6. 


DESCRIPTIONS   OF   LOWER   LIAS   FOSSILS.  417 

.l:ieTn  are  the  fine  concentric  striee  figured  in  Gabb's  shell  from  the  lower 
[>a.irt  of  the  bed  south  of  Sterretts  mine. 

Efitolium,  sp.  (?) 
Loc.,  Sailors  canyon. 

In  the  same  slab  with  the  above  is  an  imperfect  cast  of  the  interior, 
sliowing  the  peculiar  outline  arid  teeth  and  apparently  the  extending 
Tvings  of  .an  Entolium. 

Grypham,  sp.  (?) 
Loc,  Sailors  canyon. 

A  small  lot  of  this  genus  was  found  about  one-half  a  mile  distant  from 
the  Sterretts  Ammonites  locality,  but  the  species  is  not  determinable. 
They  are  supposed  to  belong  in  the  upper  part  of  the  Ammonite  bed. 
Associated  with  them  were  the  fragments  and  impression  of  an  almost 
entire  valve  of  a  delicately  striated  shell,  and  too  other  species  of  Pelecy- 
poda,  also  not  determinaji)le. 

LOWER  LIAS  FOSSILS  OF  NEVADA. 

Amioceras  nevadanum, 

ATumoniies  nevadanus,  Gabb.    Am.  Jour.  Conch.,  vol.  v,  1869,  pt.  6,  pi.  3 ; 

fig.  i,  iv,  pi.  16. 
Arnioeeras  nevadanum,  Hyatt.     Gen.  Ariet.,  p.  172. 

Loc.,  Volcano,  30  miles  S.  E.  of  Walkers  lake,  Nev. 

The  reference  of  this  species  to  the  genus  Amioceras  in  my  **  Genesis  of 
the  Arietidffi  "  on  account  of  the  peculiarities  shown  by  Gabb's  figure 
was  correct.  The  young  have  a  compressed  outline  like  that  of  Arnio- 
ceras  ceras,  and  it  otherwise  (juite  closely  resembles  that  species.  It  is, 
however,  probably  larger ;  at  least  I  have  not  yet  seen  any  specimens  of 
ceras  reaching  so  great  a  size  as  Gabb's  specimen.  The  whorls  of  the 
young  in  Gabb's  figure  are  considerably  broader  than  in  cera^. 

The  young  during  the  nepionic  stage  are  doubtless  round  and  smooth 
since  in  the  ananeanic  substagethe  abdomen  becomes  subacute,  the  keel 
appearing  in  the  metaneanic  substage,  and  costaj  develop  very  rapidly 
in  the  course  of  one-fourth  of  a  volution  into  well-defined  costations  and 
never  have  any  tuberculations.  The  channels  appear  in  the  anephebic 
.    Hubstage  on  tha  third  quarter  of  the  fifth  volution. 

The  specimen  has  nearly  nine  whorls,  and  in  Gabb's  figure  it  is  repre- 
sented with  the  bottom  part  truncated,  which  is  not  the  case  in  this 
specimen,  although  in  other  respects  it  agrees  exactly  with  the  figure. 
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Coronicera8  claytoni. 
Ammonites  nevadanum,  Gabb  (pars). 

This  species  is  founded  upon  a  specimen  associated  with  Arniacerra 
nevadannm  and  labelled  in  the  same  hand,  probably  of  Gabb's  own 
writing,  Ammx)nit€s  nevadanus,  G. 

The  young  have  in  the  ananeanic  substage  (the  previous  stage  beiD^ 
covered)  stout,  gibbous  whorls  with  coarse  tubercles  such  as  are  often 
found  in  young  of  Coroniceran  species.  These  are  on  the  genicular 
angles  and  do  not  increase  proportionately  in  size  during  the  subsequent 
growth  of  the  shell.  As  the  whorl  grows  they  spread  internally  into  trut 
costffi,  which  become  perfected  during  what  is  probably  the  paraneanio 
substage.  The  history  of  the  keel  and  channels  cannot  be  given,  the 
abdomen  being  covered.  The  adult  has  whorls  and  costce  which  remin*! 
one  of  some  specimens  of  Coroniceras  h^ra  or  Coroniceras  bisulccUum,  this 
American  form  being  intermediate  in  its  aspect  between  these  two  species. 

The  ribs  are  well  defined  and  Z^m-like,  with  similar  tubercles  on  the 
geniculffi.  The  channels  are  deep,  somewhat  narrow  and  smooth,  and 
the  keel  is  prominent,  showing  well  above  the  channel  ridges  on  the 
outer  whorl. 

UFPER  LIAS  FOSSILS  FROM  THE  BLUB  MOUNTAINS,  OREGON • 

Pecten  acutvplicatita^  'Meek. 
Lima  mnuata,  " 

Lima  rccticostata^  '• 

Loc,  Beaver  creek. 

This  species,  one  of  the  most  characteristic  forms  of  the  Hardgrave 
sandstone  fauna  of  Taylorville,  is  represented  by  four  specimens.  Three 
of  them  are  sufficiently  perfect  to  show  the  characteristics  of  the  species, 
and  the  third  is  a  fragment  of  large  size. 

Pholadomya  nevadana, 

Pholadomya  neradana,  Gabb.     Am.  Jour.  Conch.,  vol.  v,  p.  10,  pi.  5,  fig.  7. 
''  kingi,  Meek.    Ann.  Rep.  U.  S.  Geol.  Surv.  Ter.,  1872,  p.  473. 

Loc,  Beaver  creek. 

This  species  is  identical  with  that  mentioned  in  my  table  of  Hardgrave 
sandsU)ne  fossils  as  Pholadomya,  n.  ap.,t  the  supposed  European  congener 
of  which  was  the  P.  ambigua,  Sow.,  of  the  Upper  Lias. 

•These  fossils  all  belong  to  the  Condon  collection,  as  mentioned  aboTe,  under  the  heading  of 
"  Lia.**  in  California,  Nevada  and  Oregon." 
t  Trias  and  Jura  at  Taylorville,  p.  4U2. 
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It  is  represented  by  three  specimens.  The  central,  or  what  I  call  the 
\>ranchial,  region  in  this  shell  is  alone  furnished  with  plications,  leaving 
the  pedal  and  anterior  and  thesiphonal  and  anal  regions  or  wings  smooth. 
The  normal  number  of  plications  is  nine,  specimens  as  a  rule  varying 
l>ut  little  more  or  less  on  either  side  of  this.  The  species  described  by 
Gabb*  as  Pholadomya  nevadana  From  the  neighborhood  of  Walkers  lake, 
^N'evada,  is  apparently  identical  with  this,  having  the  same  number  of 
central  plications.  The  figure  is  slightly  misleading,  judging  from  the 
descriptions.  The  type  has  not  been  found  in  any  of  the  collections  ex- 
amined by  me. 

Pholadomya  muUilitieata. 

I^holadomya  multilineata,  Gabb.   Am.  Jour.  Conch.,  vol.  v.,  p.  10,  pi.  5,  fig.  6. 

Loc,  Beaver  creek. 

This  species  is  not  closely  allied  to  P.  nevadana  in  general  outline, 
the  anterior  region  of  the  body  being  shorter  and  the  umbones  situated 
nearer  the  anterior  ends  of  the  valves.  The  posterior  parts  are  usually 
more  elongated  and  broader  in  their  ventro-dorsal  diameters.  The  num- 
ber and  size  of  the  plications  differ  very  much  from  those  of  Nevadana. 
They  are  finer,  closer  set  and  more  numerous,  covering  all  of  the  central 
regions  of  the  valves,  leaving  only  the  anal  or  wing  regions  and  a  small 
part  of  the  siphonal  regions  smooth,  and  in  the  anterior  parts  of  the 
valves  the  oral  region  alone  is  smooth. 

Gabb  described  this  species  from  volcano  near  Walkers  lake,  Nevada, 
and  the  original  has  been  found  in  the  Whitney  collection.  Museum  of 
Comparative  Zoology. 

Pleu.roniya  amceMrka^  n.  8. 
Loc,  Beaver  creek  (?). 

A  well  preserved  specimen  occurs  of  this  genus  with  plainly  accented 
concentric  ridges  evenly  distributed  over  the  entire  surface  of  the  valves. 
ITie  umbones  are  situated  anteriorly  low  and  the  umbonal  ridges  are 
very  gibbous.  The  posterior  or  anal  hinge  line  is  extended  and  almost 
straight.  The  anterior  parts  are  very  short  but  rounded,  and  the  mar- 
gins along  the  pedal  and  branchial  regions  are  prominently  and  evenly 
(curved  outward  without  any  sinus.  This  shell  may  be  equivalent  to 
part  of  Myadtes  subcoinpresms,  Meek,  but  the  anterior  outline  seems  to 
be  quite  distinct. 

♦  Am.  Jour.  Couch.,  vol.  v,  p.  10,  pi.  5,  fig.  7. 
LIX-Bubu  Grol.  Soo   Am.,  Vol.  5,  1893. 
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•  Cardinia  gibhomm  (?). 

Unicardiam  (?)  gibbosum,  Meek.     PaJ.  Cal.,  vol.  i,  pi.  8,  fig.  8. 
Loc,  Beaver  creek. 

This  shell  has  the  general  form  and  aspect  of  a  shell  of  this  genus,  and 
is  a  close  ally  with  a  similar  shell  of  the  Mormon  sandstone  at  Taylor- 
ville.  The  surface  is  evenly  covered  with  rather  fine  concentric  ridges, 
and  the  beaks  are  very  prominent  and  larger,  and  the  outline  differs 
from  Taylorville  species.  It  may  have  been,  when  undisturbed  by  com- 
pression, identical  with  Meek's  figure  as  quoted  above. 

RhynchoneUa^  sp.  (?) 
Loc,  Beaver  creek. 

This  shell  does  not  closely  resemble  RhyixchoiieUa  myrina  of  the  Hard- 
grave  sandstone,  nor  any  species  of  this  genus  occurring  in  that  region. 
It  approximates  in  outline  to  the  R.  gnathophora  in  part,  as  figured  by 
Meek,*  but  differs  in  having  three  prominent,  sharp  cost8&  on  the  elevated 
central  area  of  the  pedicle  valve  and  only  five  costse  on  either  side. 

UPPER  JURA  FOSSILS  OF  THE  GOLD  BELT  SLATES. 
AMMONITIN^. 

Cardioceras  dubium,  n.  s. 
Ix)c.,  Texas  ranch,  Calaveras  county,  California. 

The  young  are  imperfect,  but  it  can  be  readily  seen  that  the  earliest 
stages  were  smooth  for  a  prolonged  period,  as  in  some  species  of  the  geiui.'^ 
Cardioceras^  and  that  they  differ  entirely  from  the  heavily  tuberculate^i 
young  of  the  genus  Amnlthem. 

The  costiB  arise  rapidly  and  do  not  appear  to  differ  materially,  so  far 
as  seen  on  the  sides,  from  those  of  later  stages.  'This  is  also  more  con- 
sistent with  the  characteristics  of  Cardioceras  than  with  those  of  Amal- 
theus. 

The  costie  on  the  sides  and  genicular  ridges  are  numerous,  linear  and 
single.  There  are  no  lateral  tubercules,  but  occasionally  the  cosUe  dis- 
appear on  the  sides  just  before  reaching  the  genicula\  The  genicular  are 
very  prominent  and  tuberculated. 

The  whorls  are  compressed,  with  sides  flattened.  The  venter  is  ven' 
narrow.  The  inclusion  varies  from  about  one-third  the  diameter  of  the 
inner  to  considerably  less,  and  there  may  be  two  species,  one  including 
more  involute  and  the  other  the  less  involute  forms,  but  both  have  what 

*  PaleoDtoIogy  of  California,  pi.  8,  fig.  1  and  la. 
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vTould  be  called  open  umbilici.  The  keel  is  prominent  and  deeply  crenu- 
lated.  It  is  separated  from  the  geniculse  by  narrow  channels,  which  are 
not  crossed  by  bifurcations  of  the  costse,  as  in  more  generalized  species 
of  this  genus.  The  serrations  of  the  keel  appear  to  be  separated  by  the 
channels  from  the  costae. 

The  sutures  were  present,  and,  although  much  distorted,  it  was  ascer- 
tained that  they  had  large  first  lateral  saddles  and  lobes,  with  smaller 
second  lateral  saddles  and  small  second  lateral  lobes.  There  are  aux- 
iliary saddles  on  the  umbilical  shoulder,  and  the  abdominal  lobe  is 
shorter  than  the  first  lateral  lobes.  These  sutures  are  decidedly  cardio- 
ceran.  There  is  in  the  Museum  of  the  Mining  Bureau  at  San  Francisco 
a  fine  specimen  (no.  11953)  of  this  species  collected,*  also  in  Calaveras 
county,  which  is  associated  with  a  fragment  of  some  species  of  Aucella, 
and  one  in  the  collection  of  the  United  States  Geological  Survey  has  a 
fragment  of  what  is  apparently  a  variety  of  Aticella  ermigtoni  on  the 
same  slab.  All  its  closest  affines  are  in  the  Upper  Jura,  and  the  com- 
parisons made  below  show  that  it  is  not  a  species  of  Pleuroceras^  the  only 
genus  in  the  Lower  Jura  which  contains  similar  forms. 

Species  of  Pleuroceras  show  their  derivation  from  such  forms  as 
Plenroceraa  tuiwskerense  by  their  coarsely  costated  and  heavily  tubercu- 
lated  young  whorls,  but  the  cost®  of  this  species  are  linear  even  in  the 
young.  The  sutures  of  Pleuroceras  are  also  decidedly  Arietian,  having  a 
long,  narrow  abdominal  lobe  longer  than  the  first  lateral  lobes,  a  pair  of 
very  large,  broad  first  lateral  saddles,  and  broad  first  lateral  lobes,  with 
second  lateral  lobes  and  saddles  showing  on  the  sides,  all  of  these  being 
but  slightly  cut  into  by  the  outlines  of  the  minor  or  marginal  lobes  and 
saddles.  C.  duhium  cannot,  therefore,  be  considered  a  species  of  Pleuro- 
ceras of  the  Lower  Jura. 

Cardioceras  (Ammonites)  beaugrandi,  sp.  Sauv.f  This  species  is  similar 
in  aspect,  but  has  not  distinct  channels  and  has  incomplete  subsidiary 
alternate  costae  between  the  longer  ones.  Cardioceras  aliernans,  sp.  Von 
Buch,  is  a  polymorphic  species  as  usually  defined,  and  has  flat-siddd, 
flat-abdomened  discoidal  forms,  and  also  varieties  that  are  more  invo- 
lute and  compressed.  Most  of  the  forms,  especially  of  southern  Europe, 
have  bifurcated  costae,  but  there  are  some  specimens  of  all  varieties  show- 
ing the  late  development  of  single  cost®  in  adults.  These  correspond  in 
their  characters  to  the  neanic  stage  of  Cardioceras  duhium,  having  similar 
keels,  channels  and  outline. 

«Two  milefl  west  of  Motherlode,  Texaa  ranch,  six  miles  north  of  Copperopolis,  one-hnlf  mile 
below  stAKe  road  (h)m  CapperopoliH  toSonoraand  two  and  a  half  miles  west  of  the  mouth  of  Angels 
creek.    Collector,  Dr  C.  D.  Voy. 

+  Jour,  de  Conch.,  vol.  xix,  xx,  p.  165,  pi.  10,  and  also  as  figured  by  De  Loriol,  Mem.  Soc.  Phys. 
GeneTe,  vol.  xxiii,  pi.  2,  fig.  4. 
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There  is  a  close  representation  of  the  American  species  among  Russian 
forms  usually  referred  to  Cardioceras  aUernana,  since  such  representatives 
as  the  one  figured  by  D'Orbigny  *  under  the  name  of  AmvwniUs  subcoT- 
diatu^  have  young  with  single  costae  and  compressed  whorls  like  those  of 
Cardioceras  dubium.  The  specimens  of  altemans  figured  by  Rouillier  t  are 
both  distinct  from  that  figured  by  D'Orbigny.  That  figured  first  on 
plate  I  has  alternate  and  bifurcated  cost®  like  the  alternans  of  more 
southern  localities. 

It  is  a  notable  fact  that  in  the  Russian  fauna  Aucella  makes  its  appear- 
ance in  the  Oxfordian  in  company  with  Cnrdioceraa  aitemans,  and  one  of 
the  three  species  which  first  appears,  Aucella  bronnijis  that  which  is  con- 
sidered by  Lahusen  to  be  the  representative  of  our  Aucella  erringtoni. 
Meek. 

Perisphhinctea  mrgulatiformis,  n.  s. 

Loc,  Stanislaus  river,  opposite  Bostwicks  bar, J  near  Reynolds  ferry,  and 

also  opposite  to  Bear  creek. 

P.  virgvlatiformis  has  the  peculiar  closely  approximated  linear  costte  of 
a  group  of  Perisphinctes  which  occurs  only  in  the  Upper  Jura  throughout 
western  Europe.  Thi^  species  is  not  a  typical  discoidal  form  of  Pm- 
sphinctes.  The  whorls  are  decidedly  involute,  the  inclusion  being  about 
one-third,  and  although  the  inner  whorls  are  discoidal  until  a  late  stage 
and  the  umbilicus  is  what  one  would  term  open,  still  the  outer  whorl 
broadens  rapidly. 

There  are  several  close  allies  in  the  Upper  Jura  of  Europe.  One  of 
these  is  AmTJwnites  virgulatus,  Quenstedt,  of  the  Oxfordian ;  another  and 
perhaps  even  closer  form  is  his  Ammonites  planulatus  siliceua  which 
occurs  in  the  Solenhofen  schists.  All  of  these  differ  from  our  species 
in  the  regularity  with  which  the  pilac  bifurcate,  and  probably  the  whorls 
of  our  species  may  differ  somewhat  in  outline  of  a  transverse  section, 
but  this  cannot  be  ascertained  on  account  of  the  compression  of  the 
specimens  in  hand.  The  sutures  agree  closely  and  show  that  these  forms 
are  all  allied  species  of  the  same  group. 

C.  jerem^evi  Nikitin  of  the  Russian  fauna  §  is  a  similar  form,  and 
only  every  alternate  costation  is  bifurcated,  so  that  it  comes  very  near  to 
the  American  shell,  in  which  the  bifurcation  is  irregular.  Some  of  our 
examples  have  hardly  any  of  the  costse  bifurcated  ;  others  have  only  a 
few  with  bifurcations,  but  in  some  specimens  every  alternate  costa*  is 

♦  Russia  and  the  Ural,  March.  Do  Vera.,  etc.  Pal.  1,  pi.  25,  fig.  3. 
•     t  Ball.  Soc.  Nat.  de  Moscow,  1848,  p.  362,  pi.  I,  fig.  88,  pi.  M,  fig.  109. 

X  Dr.  Curtice  describes  this  locality  as  "on  trail  south  side  of  and  opposite  great  bend  of  rit«r 
by  Reynolds  ferry,  road  from  Coppertown  to  Sonora." 
jjCeph.  d.  Gouv.  Kostroma,  pi.  4. 
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l>ifurcated  on  parts  of  the  whorl.    It  seems  probable  that  the  American 
species  had  rounder  whorls  than  P.  jeremejevi. 

Peri^phinctes,  sp.  (?) 
Tx)c.,  Stanislaus  river,  opposite  Bostwicks  bar,  near  Reynolds  ferry. 

This  is  a  form  of  Perisphinctes  with  the  lateral  ribs  well  separated,  as  in 
most  species  of  the  genus  found  to  the  west  of  the  Sierras.  The  whorl 
is  broader  at  the  same  age  than  in  any  other  species  mentioned  in  this 
paper ;  there  are  consequently  fewer  whorls  at  the  same  age.  The  lateral 
costsB  are  single  and  very  long,  the  bifurcations  occurring  well  up  on  the 
abdomen. 

Perisphinctes,  sp.  (?) 
Loc,  south  bank  of  Tuolumne  river  at  MoflTats  bridge ;  Stanislaus  river, 
near  canyon  opposite  mouth  of  Bear  creek;  and  six  miles  from 
Copperopolis  on  road  to  Sonora  and  grade  to  Angels  creek. 

There  are  several  fragments  collected  by  Dr  Curtice  at  these  three 
localities  which  probably  represent  more  than  one  species,  but  there  is 
nothing  to  indicate  the  age  of  the  rocks  farther  than  that  they  are  high 
up  in  the  Jurassic. 

Perisphinctes  JUiplex  (?) 

Ammonites  JUiplex,  Quenstedt.     Ammonites  d.  Schwab.  Jura,  vol.  iii,  pi. 

126,  fig.  3. 

Ix)c.,  south  bank  of  Tuolumne  river  at  Moffats  bridge,  and  Stanislaus 

river  near  canyon  opposite  Bear  creek. 

The  fragments  representing  this  form  are  interesting  because  they  ex- 
.  hibit  in  a  marked  manner  the  peculiar  widely  separated,  single  lateral 
costae,  regularly  bifurcated  on  the  abdomen,  of  the  group  of  Perisphinctes 
aUemans  from  the  Upper  Jurassic  of  Russia  which  is  mentioned  at  the 
end  of  the  description  of  P.  colfaxi.  The  fragments  are,  however,  so 
closely  similar  to  the  Armnonites  filiplex  of  the  Solenhofen  slates  that  I 
4iave  ventured  to  place  them  provisionally  under  this  name. 

There  are  no  tubercles  on  the  lateral  cost®  in  any  of  these  specimens* 
nor  are  there  any  indications  of  affinity  with  species  of  Olcostephanus, 
although  they  otherwise  closely  simulate  the  gerontic  (senile)  whorls  of 
some  species  of  that  genus. 

The  fragments  of  this  species  show  that  it  reached  a  large  size,  and  the 
characteristics  are  extremely  close  in  the  adult  stage  to  those  of  the 
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young  of  p.  akidegatensis,  Whiteaves,  as  figured  by  hira.*  The  regularity 
of  the  bifurcated  costations  of  these  fragments  is  different  from  those  of 
JUiplex,  but  these  may  have  been  interrupted  by  more  or  less  single  cost* 
on  other  parts  of  the  whorl,  and  in  that  case  they  would  be  identical. 
One  fragment  showing  a  portion  of  the  inner  whorls  was  found  by  Dr 
Curtice  six  miles  from  Copperopolis,  on  the  road  to  Sonora  and  grade  to 
Angels  creek.  If,  as  is  supposed,  this  be  identical  with  the  species  here 
described,  the  first  four  whorls  or  thereabouts  have  a  close  resemblance 
to  the  young  of  P.  mufdhachi^  but  the  costations  of  the  next  or  fifth  whorl 
become  more  widely  distributed  and  similar  to  those  of  the  larger  sj>eci- 
mens  described  above.  The  increase  of  the  dorso-ventral  diameters  is 
not  so  rapid  as  in  mi'Mbachi  and  the  sides  of  the  whorls  are  not  so 
broad,  the  whole  shell  being  more  discoidal. 

Pcrisphinctes  colfaxi 

Ammonites  colfaxi,  Gabb.     Am.  Jour.  Conch.,  vol.  v,  pt.  1,  1869-70,  p.  7, 

pl.  4,  fig.  2. 
IjOC,  railroad  cut  one  mile  west  of  Colfax. 

This  important  specimen,  which  has  been  lately  brought  to  light  in 
the  collections  donated  to  the  Museum  of  Comparative  Zoology  by  Pro- 
fessor J.  D.  Whitney,  turns  out  to  be  entirely  distinct  from  what  it  has 
been  supposed  to  be  by  most  authors.  Gabb.'s  figure  in  the  American 
Journal  of  Conchology  does  not  give  the  great  prominence  and  true 
facies  of  the  ribs,  but  does  show  the  purely  perisphinctean  characteristics 
of  these  parts.  The  specimen  has  from  ten  to  twelve  whorls  and  is  of  the 
size  of  Gabb's  figure.  The  living  chamber  is  over  one-half  of  a  vohition 
in  length.  The  whorls  increased  very  slowly  by  growth,  the  whole  shell 
being  discoidal ;  the  inclusion  is  slight,  covering  only  the  abdomen.  The 
form  of  the  whorl  in  section  had  rounded,  somewhat  compressed  sides  • 
and  a  rounded,  broad  abdomen.  The  ribs  are  more  regular  than  in 
Gabb's  figure,  their  irregularity  in  curvature  being  largely  due  to  com- 
pression. The  rule  in  the  neanic  stage  is  for  each  alternate  rib  to  be 
bifurcated,  the  parts  between  the  bifurcations  being  elevated  and  the 
bifurcation  on  the  exterior  of  the  shell  was  probably  coarsely  tubercu- 
lated  or  nodose.  This  gives  the  bifurcated  ribs  a  very  coarse,  massive 
aspect.  The  alternating  single  costte  are  more  acute  and  reach  entirely 
across  the  sides  and  abdomen.  There  are  sometimes  two  or  three  singrle 
costtT  between  the  bifurcated  ones,  and  these  irregularities  increase  on  the 
last  whorl.    The  bifurcations  are  about  the  middle  of  the  side,  but  may 

♦Mesozoic  Fossils,  vol.  ii,  pt.  1,  pl.  9,  fig.  1. 
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vary  from  near  the  umbilical  shoulders  to  the  edge  of  the  abdomen.  The 
isiiigle  costae  are  sometimes,  although  rarely,  bifurcated  on  the  abdomen 
and  occasionally  one  of  the  branches  of  a  bifurcation  may  be  itself  bifur- 
cated on  the  abdomen.  In  some  rare  cases,  instead  of  a  bifurcation  of 
the  single  lateral  costse  or  of  a  branch  of  the  bifurcated  lateral  costae,  there 
ifl  a  single  separated  costation  on  the  abdomen  lying  between  the  bifur- 
cated or  longer  single  costa\ 

I^erisphinctes  (Ammonites)  skidegatensis,  sp.  Whiteaves,  is  an  allied  species 
of  the  same  group,  and  the  adults  of  the  two  may  be  more  similar  than 
oi-ie  would  suppose  from  the  figure  given  by  Whiteaves,*  which  is  prob- 
al>ly  that  of  an  aged  specimen.  In  skldegalemis,  however,  the  interme- 
diate single  costae  are  confined  to  the  abdomen,  and  these  parts  are  more 
regular. 

J^erisphinctes  colfaxi  obviously  belongs  in  the  group  of  Perisphinctes 
hiplex,  sp.  Sow.  (?),  of  the  Upper  Jura,  and  its  nearest  affines  are  such 
species  of  Perisphinctes  eupcUus  (?),  sp.  De  Loriol,  in  "  Etage  Jurassique  de 
la  Haute  Marne  "  t  ^^  the  Kimmeridgian  and  the  biplex  described  by  De 
Lioriol  and  Pellat  in  '*  Formations  Jurassique  des  Environs  de  Boulogna- 
Sur-Mer  "  J  from  the  Portlandian.  Both  of  these  forms,  which  are  also 
related  to  biplex,  have  similar  single  costee,  although  there  are  no  such 
marked  irregularities  as  in  this  species,  and  the  whorl  was  more  com- 
pressed. The  center  of  the  umbilicus  is  exposed  in  colfaxi  on  the  cast 
and  also  on  the  reverse,  which  shows  a  cast  of  a  part  of  the  exterior  of 
the  shell.  The  surface  evidently  did  not  differ  very  much  from  the  cast 
of  the  interior  described  above,  and  the  young  was  smooth  for  a  time 
and  very  discoidal,  as  in  the  biplex  group.  It  especially  resembles  the 
young  of  Perisphinctes  alternanSj  sp.  Fischer  von  Waldheim  (Pallasianus), 
of  the  Kimmeridgian  of  Russia.§  The  sutures  of  alternans  are  very  close 
to  those  of  this  species,  and  the  single  ribs  are  prevalent,  according  to 
De  Vemeuil,  and4he  form  is  more  like  that  oicolfaod  than  of  any  other 
European  form.  This  entirely  accords  with  my  first  impression,  that 
the  nearest  affines  of  this. species  existed  in  the  fauna  of  the  Upper  Jura 
of  Russia.  The  same  is  also  true  of  skidegatensis,  the  young  of  which,  as 
figured  by  Whiteaves,  appears  to  be  almost  identical  with  specimens  of 
alternans  (in  the  Museum  of  Comparative  Zoology)  from  Russia,  which 
do  not  have  single  ribs. 

Gabb  knew  that  this  fossil  was  probably  Jurassic,  but  was  in  error  in 
supposing  that  it  indicated  the  presence  of  the  Lias  near  Colfax. 

•G«oL  Surrey  ot  Canada,  Mesozoic  Fossils,  vol.  i,  pt.  i,  pi.  7. 

•f  Mem.  See.  Lin.  de  Norm.,  xvi. 

X  Hero.  See.  Phys.  et  D'Hist.  Nat.  de  Geneve,  xxiii. 

I  De  Vemeuil :  Russia  and  the  Ural  Mts.,  p.  427,  pi.  32,  fi«s.  1-3,  and  Orytogr.  du  Gouv.  Mos. 
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Perisphinctes  muhlbach%  n.  s. 
Loc,  near  Greenwood,  El  Dorado  county,  California. 

The  young  are  discoidal,  but  the  increase  in  dorso-ventral  diameters 
is  by  no  means  so  slow  as  in  the  normal  forms  of  Perisphincte^i.  In  the 
large  specimen  which  served  as  type  of  this  description  there  were  stbout 
seven  whorls,  as  estimated,  in  a  diameter  for  the  whole  shell  of  about 
125  millimeters. 

The  lateral  costal  are  single,  much  coarser  than  in  P.  tnrgulatifcnmif.^ 
and  very  closely  set.  There  were  about  forty-seven  on  the  seventh  whorl 
and  as  many  on  the  sixth.  This  gives  the  costae  a  more  crowded  asj>ec-t 
on  the  inner  whorls  than  on  the  outer  one,  the  costations  being  w^icler 
apart  proportionately  in  the  older  stages  than  in  the  younger  whorls. 
The  lateral  costae  are  slightly  arched  fprward,  single,  sharply  defined  and 
prominent.  The  bifurcations  are  regular  and  set  well  upon  the  abdomen, 
so  that  they  are  concealed,  as  in  most  of  the  species  described  in  this 
'  paper,  by  the  involution  of  the  whorls.  The  absence  of  straight,  un- 
bifurcated  costae  is  noticeable  in  this  species  and  P,  JUiplex  (?)y  hut  the 
latter  has  fewer  costae  and  the  bifurcations  are  not  wholly  hidden  by  the 
involution  of  the  whorls. 

The  Whitney  collection  in  Museum  of  Comparative  Zoology  contains 
a  water-worn  specimen  of  this  species  without  locality.  The  matrix  in- 
dicates, however,  the  same  bed  and  it  may  be  considered  as  Eldorado 
county.  A  specimen  collected  by  Dr  Curtice  on  wagon  road  two  mile^ 
west  ot  Reynolds  ferry  and  one  mile  west  of  the  motherlode  in  Tuolumne 
county,  California,  is  certainly  very  closely  related  to  this  species,  but 
the  condition  of  the  specimen  does  not  permit  a  more  positive  opinion. 

There  are  two  specimens  of  muhlhachl  in  the  Museum  of  the  Mininp 
Bureau  at  San  Francisco.  Number  9021)  is  said  to  have  come  from  Sailors 
canyon.  The  matrix,  however,  is  like  that  of  the  specimen  from  near 
(ireenwood,  and  Dr  Curtice,  having  examined  these  examples,  considers 
the  locality  to  be  doubtful.  They  are  probably  from  the  same  bed  as 
the  tyi)ical  8})ecimen.  The  costae  on  the  outer  (sixth  ?)  whorl  of  the 
largest  specimen  of  these  are  more  numerous  apparently  than  in  the 
typical  specimen,  and  in  extreme  old  age  the  costae  are  single. 

No  specimen  has  yet  been  recorded  as  having  been  found  in  place,  but 
the  dark  colored  slate  in  which  all  specimens  occur  buried  is  identical 
lithologically  with  that  containing  Belemnites  from  American  canyon 
near  Greenwood,  and  the  type  specimen  was  picked  up  somewhere  in 
that  vicinity.  That  it  was  not  identical  with  P.  skidegaUnisi^,  Whiteaves, 
is  evident  from  this  description,  that  species  having  bifurcated  costae 
with  incomplete,  single  abdominal  costae  between  them. 

The  type  of  this  species  was  obtained  by  Mr  Lindgren  from  Mr  John 
Miihlbach  of  Greenwood. 
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Olcostephanus  lindgreni,  n.  s. 
Loc,  near  Colfax,  Placer  county,  California. 

The  specimen  representing  this  species  is  unluckily  so  much  altered 
by  compression  that  some  of  its  characteristics  become  doubtful.  The 
tubercular  aspect  of  certain  of  the  lateral  costse  is  probably  due  to 
flexures,  occasioned  by  pressure  in  the  direction  of  the  dorso- ventral 
diameters  of  the  whorl.  The  lateral  costse  are  divided  upon  the  sides 
into  numerous  smaller  costie,  which  cross  the  abdomen  continuously; 
that  is  to  say,  the  costa?  have  the  aspect  of  a  species  of  Olcostephanus  of 
the  Virgatus  group  of  that  genus,  which  has  been  so  finely  described  by 
Michalski  *  in  the  Russian  fauna  of  tlie  Upper  Jura.  So  much  depends 
upon  the  development  of  the  young  in  this  genus  that  I  cannot  compare 
it  with  any  species  yet  described.  That  it  is  not  probably  identical  with 
the  adult  stage  of  any  one  described  by  Michalski  seems  to  be  plain  even 
in  this  imperfect  specimen. 

CEcotravstes  denticulata,  n.  s. 
Loc,  Stanislaus  river,  Bostwicks  bar,  near  Reynolds  ferry. 

This  is  a  species  belonging  to  the  smooth-whorled,  denticulated  section 
of  the  genus  which  occurs  in  the  Upper  Jura.  The  specimens,  although 
only  fragments  considerably  compressed,  show  the  denficulations,  the 
aperture  in  part  and  the  sutures.  The  characteristics  of  all  of  these  indi- 
cate plainly  that  it  is  a  species  of  (Ecotraustes,  allied  to  such  forms  as 
Q'Jcotraustes  (Ammonites)  lochensis,  sp.  Oppel.,  of  the  Oxfordian.  It  may 
be  that  its  nearest  congener  is  in  the  Solenhofen  slates,  but  in  order  to 
make  such  a  close  diagnosis  better  specimens  must  be  procured.f 

The  sutures  have  a  short  abdominal  lobe,  with  large  siphonal  saddles, 
large  first  lateral  lobes,  with  three  long,  slender  terminal  lobes  and  other 
parts  of  the  outline,  as  in  the  section  of  the  genus  to  which  it  is  referred. 
This  genus  is  sometimes  confused  with  Amaltheus  of  the  Lower  Jura,  but 
the  resemblances  are  very  slight  and  do  not  need  discussion. 

BELEMNOIDS. 

Belemnites  pacificus. 

Belemnites  pacijicus,  Gabb.     Proc.  Cal.  Acad.  Sci.,  1864,  p.  173 ;  Geol.  Cal., 

vol.  i,  p.  482. 
Loc,  Mariposa  county  and  American  canyon  near  Greenwood,  California 

In  the  remarks  below  on  this  species  I  have  joined  what  I  really 
think  are  four  species;   one  short  one  from  Mariposa  county,  the  true 

*  Die  Ammoniten  d.  unt.  Wolga-stufe. 

fA  compressed  fragment  of  a  specimen  from  Texas  ranch,  Calaveras  county,  now  in  collection 
of  the  National  Mufleum  at  Washington,  is  apparently  a  species  of  (Eeotrauates  and  may  be  iden- 
tical with  this,  but  the  condition  of  the  specimen  did  not  permit  exact  comparison. 

liX—Buix.  QsoL.  Soc.  Am.,  Vol.  6, 1893. 


/ 
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B.  pticlficits;  one  with  an  extremely  long  guard  from  Greenwood.  There 
is  no  data,  however,  for  determining  the  length  of  the  guard  in  the  true 
padficus.  The  third,  if  distinct,  ought  to  be  a  much  stouter  and  larger 
species  than  either  of  these,  and  is  found  in  the  black  slates  of  GreenwtXKi. 
The  fourth  form,  having  a  small  pencil-like  guard,  is  found  in  the  light- 
colored  slates  near  Greenwood. 

The  specimens  of  Belemnites  pacificm  from  Spanish  Flat  in  the  collec- 
tion of  the  University  of  California  are  exceedingly  poor  and  agree  in 
this  respect  with  the  description  given  by  Gabb.*  In  the  same  collection 
there  are  three  alveoli  labelled  from  Mariposa  estate.  The  labels  are  the 
same  handwriting,  probably  Gabb'8,'and  gummed  to  the  specimens,  which 
are  obviously  the  types. 

The  specimen  from  the  first  ravine  west  of  Hell's  hollow,  Mariposa 
county,  agree  in  black  color  of  slates  and  in  the  narrowness  of  the  alveoli. 
A  specimen  from  near  Pine  Tree  lode  is  evidently  a  better  preserved  cast 
of  same.  These  localities  are  referred  to  by  Professor  Whitney  as  being 
the  places  at  which  Belemnites  had  been  found  in  a  note  to  appendix  B 
of  Geology  of  California,  volume  i.  There  is  also  a  larger  cast  of  an 
alveolus  labelled  from  Oregon  bar,  El  Dorado  county,  in  a  lighter  colored 
slate  and  23  millimeters  in  the  greatest  diameter,  and,  as  estimated,  not 
over  10  millimeters  in  the  shortest  diameter. 

There  are  two  species  of  Belemnites  occurring  near  Reynolds  ferry, 
opposite  Bostwicks  bar,  Calaveras  county.  One  is  narrow  and  cylindri- 
cal and  may  be  identical  with  the  similar  form  from  Greenwood,  El 
Dorado  county ;  the  other  is  of  the  usual  shape  of  B.  pacificas^  consider- 
ably stouter  and  very  likely  shorter  in  proportion.  All  are  fragments 
in  a  poor  state  of  preservation  and  the  species  are  not  identifiable.  In 
the  dark  slates  at  Stanislaus  river,  opposite  Bear  creek,  and  at  the 
locality  six  miles  from  Copperopolis  and  grade  to  Angels  creek,  there  is 
a  long  cylindrical  form  which  may  be  the  same  species  as  the  similar 
form  found  near  Reynolds  ferry,  but  one  cannot  be  sure  beyond  the 
general  fact  of  similarity. 

Dr.  Curtice,  collecting  for  the  United  States  Geological  Survey,  found 
Belemnites  evidently  very  similar,  if  not  identical  species,  in  the  black 
slates  of  the  American  canyon  near  Greenwood.  These  remains  are  not 
rare,  but  specimens  well  enough  preserved  to  be  of  any  use  are  very  rare. 
In  the  light-colored  slates  of  the  same  gulch  and  immediately  above  the 
black  slates  a  fossil  was  found  which  is  probably  the  young  of  this  same 
species  or  a  close  ally.  The  alveolus  in  part  was  preserved,  but  both  it 
and  the  pencil-like  rounded  cast  of  the  guard  looked  quite  distinct  from 
the  elliptical  form  of  a  section  of  B,  padficus. 


♦  Proc.  Cal.  Acad.  Sci..  Nov  17, 1864.,  p.  173. 
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The  longest  specimen  collected  by  Curtice  measured  16  centimeters, 
and  when  complete  was  about  20  to  22  centimeters;  the  diameter  at 
about  one-half  the  length  of  the  alveolus  was  estimated  on  account  of 
the  position  of  the  cast  in  the  rock,  and  this  was  between  13  and  15 
millimeters  in  its  longest  diameter,  and,  as  actually  measured,  10  milli- 
meters in  the  shortest  diameters.  At  the  distance  of  16  centimeters  the 
guard  was  about  7  millimeters  in  longest  diameter. 

The  alveoli  are  mere  casts  of  the  free  ends  of  the  shells,  but  they  are 
universally  short,  rapidly  tapering  and  much  compressed.  The  largest 
specimen  collected  by  Dr  Curtice  was  17  millimeters  in  diameter  near 
the  end  of  the  compressed  alveolus.  This  was  a  rotund  ellipse,  and 
probably  this  was  the  real  form  of  the  guard. 

The  writer  visited  the  locality  in  company  with  Dr  Curtice  during  the 
summer  of  1892.  The  fossilization  of  these  Belemniies  is  very  peculiar, 
and  in  imperfect  specimens,  of  which  there  are  considerable  numbers, 
very  misleading.  The  casts  of  the  guaTds  are  divided  by  irregular  septa 
of  oxide  of  iron,  giving  the  ordinary  imperfect  hollow  moulds  the  aspect 
of  a  plant  fossil  or  a  very  poorly  preserved  Orthoceratite  with  distorted 
septa.  This  is  probably  due  to  the  movement  of  the  rocks,  which 
fractured  the  straight  guards  and  allowed  the  water  to  penetrate  the 
fissure  and  deposit  a  layer  of  iron ;  then  when  the  shell  was  wholly 
dissolved  the  hollow  cast  presented  the  aspect  of  a  tube  divided  by 
irr^ular  septa  of  oxide  of  iron.  Long  cylindrical  fossils  found  at  Chili 
bar,  also  in  black  slates,  exhibited  more  or  less  regular  cracks  of  this 
kind  not  unlike  the  sutures  of  OrthoceratiteSj  and  are  probably  fossils  of 
this  species  of  Bdemnitea. 

PELECYPODA. 

Aviaila,  sp.  (?) 
Loc,  Stanislaus  river,  as  above. 

The  most  perfect  specimens  closely  resemble  the  so-called  Aucella  im- 
pressas,  Quenstedt,  from  the  Upper  Jura,  but  this  shell  has  a  small  Aticella- 
like  ear  in  the  right  valve,  and  I  could  not  tell  whether  what  I  saw  in 
this  specimen  is  a  similar  ear  or  a  tooth.  Quenstedt's  shell  is,  as  pointed 
out  by  Lahusen,  not  a  true  Aucella,  I  have  referred  this  species  for  the 
present  to  Avicula,  because  there  are  characteristics  in  both  directions. 

There  are  fragments  of  several  species  of  bivalves  and  of  Pectens  from 
the  strata  of  Stanislaus  River  locality  that  would  be  very  useful  if  more 
perfect. 

Associated  with  these  there  is  a  Turbo  (?)  and  a  species  of  Cerlthium, 
which  are  not  of  much  value  for  the  definition  of  the  age  of  the  rocks  in 
which  they  occur. 
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AmtLsium  atirarium.  Meek. 
Loc,  six   miles  from  Copperopolis  on  road  to  Sonora  and  grade  U) 

Angels  creek. 

A  shell  probably  of  this  species  occurs  at  this  locality,  but  it  is  not 
perfectly  symmetrical,  as  in  Meek's  figure  of  the  same  speci&s. 

Aucella  erringtoni,  Meek. 
Variety,  arcuata. 

Aucella  ennnytoiii,    Geol.  Sur.  Cal.,  vol.  I,  appendix,  pis.  1,  2a  (not  figs. 

3,  4,  5). 
Loc,  south  bank  of  Tuolumne  river  at  Moffat's  bridge ;  Stanislaus  river 

near  canyon  opposite  Bear  creek,  and  six  miles  from  Copperopolis  on 

road  to  Sonora  and  grade  to  Angels  creek. 

This  variety  represents  the  extreme  form  and  is  arcuate  in  the  left 
valve  with  a  very  prominent  umbo.  The  striations  are  less  decided 
than  in  Aucella  elongala.  There  are  a  few  shells  which  are  apparently 
smooth,  while  most  are  striated  as  in  Aucella,  elongata.  The  task  of  sepa- 
rating this  from  other  varieties  by  the  characteristics  of  the  relative  pro- 
portions of  the  left  valve  to  the  right  and  other  characters,  such  as  the, 
relative  prominence  of  the  umbones  in  both  valves,  shape  of  the  hinge 
line  in  the  right  valve,  and  so  on,  is  impracticable  on  account  of  the 
compressed  and  more  or  less  distorted  condition  of  every  fossil.  It  is, 
obviously  a  near  affine  of  Aucella  pallasl,  sp.  Keyserling,*  as  figured 
and  described  by  Lahusen  from  the  zone  of  Cardioceras  alternati9  in 
Russia,  in  so  far  as  the  general  shape  and  striations  are  concerned, 
and  Keyserling's  original  drawings  and  descriptions  of  Aiicella  pdilasi 
give  longitudinal  striations  and  a  form  of  shell  so  close  to  this  that  with- 
out the  right  valve  and  hinge  line  they  would  be  considered  identical. 
With  the  complete  information  given  by  the  drawings  of  the  latter,  how- 
ever, it  becomes  apparent  that  they  are  not  both  referable  to  the  same 
species.  The  hinge  line  of  the  right  valve  of  the  arcuata  is  more  like 
that  of  mosquemis,  while  the  general  shape  of  the  shell  alone  is  like  that 
otpallasi  mosquemis^  from  the  Volgian  or  middle  part  of  the  Upper  Jura 
in  Russia. 

Aucella  concentrica,  Fischer,*  has  a  right  valve  and  general  outline 
closely  similar  and  possibly  identical  with  arcuata.  The  left  valve,  al- 
though not  completely  shown,  appears  to  be  similar  to  that.  The  same 
species  and  the  stout,  rotund  variety  shown  in  figure  6  has  its  counter- 
parts in  some  specimens  from  the  last  locality  given  above  which  have 
no  striti\     The  outline  of  the  hinge  of  the  right  valve  need  only  be  com- 

•  Ueise  in  Petseliorulaiid,  pi.  IC. 
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j>are<l  with  the  .4.  concentrica  as  figured  by  Keyserling  to  see  that  they 
are  not  similar,  the  concentrica  of  Fischer  having  a  right  umbo  short  and 
rounded.  Fischer^s  specimen  came  from  Amackshak  bay,  near  Souk- 
trum,  Alaska. 

Typical  examples  of  this  species  also  occur  on  left  bank  of  Merced 
river  one-quarter  of  a  mile  below  Bentons  mills,  Mariposa  county,  Cali- 
fornia, where  they  were  collected  by  Dr  White  and  others. 

The  narrow  form  of  Aiicella  piochii,  Gabb,  from  Riddles,  Oregon,t  re- 
sembles this  species  closely  enough  in  its  form  to  be  considered  identical, 
but  it  has  no  radial  strife.    I  compared  this  last  with  all  the  Gold  belt  Au- 
celhe   in  turn  and  independently  before  arriving  at  A.  erringtoniy  var. 
arcH4xtu^  and  found  it  agreed  with  them  all  to  exactly  the  same  degree  as 
arciiata,  and,  finally,  that,  like  arciiata,  it  was  easily  referred  to  Mosqtienm 
by  its  right  valve,  and  that  that  species  and  not  pnllasi  was  its  nearest 
foreign  representative,  in  sjHte  of  the  resemblances  of  the  left  valves. 
The  explanation  of  this  fact  is  that  pfillaaiAike  forms,  being  simply 
narrow  shells,  as  contrasted  with  broad  ones,  may  occur  in  varieties  of  any 
9\>ec\es  of  Aucella,  and  the  test  that  such  resemblances  are  not  a  matter  of 
genetic  affinity,  but  of  simple  morphic  equivalence,  lies  in  the  character- 
istics of  the  least  modified  part  of  the  shell,  the  right  valve. 

Aiicella  elangata,  n.  s. 

Aiicella  erringUmi,  Meek.     Geol.  Cal.,  vol.  i,  appendix,  pi.  i,  figs.  5-5e  (not 

figs.  1-40. 
Loc,  Stanislaus  river  opposite  Bostwicks  bar. 

This  species  has  an  excessively  elongated  shell,  but  the  outline  of  um- 
bonal  ridge  is  apparently  straight  or  only  very  slightly  curved.  The 
shell  is  heavily  striated  in  all  specimens,  the  striations  being  generally 
distributed.  The  striae  being  much  lighter,  and  therefore  easily  oblit- 
erateA  by  pressure  on  the  extreme  anterior  and  posterior  areas,  they  may 
be  absent  upon  either  or  both  of  these  in  large  specimens.  This  accounts 
for  the  discrepancy  in  the, descriptions  of  Meek  and  Gabb,  one  finding 
them  more  strongly  developed  on  the  anterior  and  the  other  on  the  pos- 
terior region,  but  they  are  apparently,  as  stated  by  Meek,  usually  lighter 
on  the  posterior  region.  It  is  to  be  noted,  however,  that  none  of  the 
specimens  here  described  have  such  bare  posterior  regions  as  some  of 
those  figured  by  Meek.  They  are  all  more  similar  to  liis  figure  5  than  to 
0  a-€.  The  hinge  line  of  the  right  valve  rounds  out  anteriorly  more  than 
•    in  Aucella  erringtoni,  YSiT.  arcuaUi;  the  oral  region  is  more  protuberant. 

♦  Pinart :  Voyage  n  la  cAte  Nord-ouest  de  PAmer.,  pi.  A. 

t  Pal<*ontoloey  of  California,  vol.  i,  pi.  25,  fig.  \TA  (not  vol.  ii,  pi.  32). 
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The  wing  is  of  about  the  same  size,  but  it  is  straight.  The  posterii>r 
wing  is  broader  and  more  distinctly  marked  than  is  usual  in  var.  arcuain 
in  both  valves,  and  especially  long  and  prominent  in  the  left  valve.  Tlie 
umbo  is  apparently  less  prominent  in  the  left  valve  than  in  arcuata,  and 
that  of  the  right  valve  is  possibly  less  acute,  but  these  characters  are 
rendered  somewhat  doubtful  by  the  compressed  condition  of  the  fossils. 

It  is  obvious,  as  stated  by  Lahusen,  that  this  is  the  representative  fomi 
of  Aucella  bronni.  That  species  has  the  umbo  of  the  left  valve  less  promi- 
nent than  in  most  species  of  the  same  genus,  and  the  shape  of  the  hinge 
area  and  umbo  of  the  right  valve  is  very  similar  to  that  of  this  species. 
It  is  from  the  zone  of  Cardioceras  alternans  in  the  Oxfordian  of  Russia^ 
and  is  regarded  by  him  as  one  of  the  oldest  and  most  primitive  of  the 
Aucellse. 

This  fact  is  extremely  interesting  in  connection  with  the  supposed  a^e 
of  the  rocks  of  the  locality  given  above,  which  also  contains  the  Cardi- 
oceraa  dxibium^  a  representative  of  Cardiocerna  oMeriians^  and  also  because 
of  the  following  additional  observations  of  Lahusen.  This  author  quotes 
his  Aucella  bronni  as  associated  with  Oppelia  ienuUobata,  Oppel,  in  the 
Polish  Jura,  and  also  regards  the  A.  mosquends,  Tullberg,  from  Nova 
Zembla  as  identical  with  bronni^  and  says  that  it  occurs  with  Cordioceras 
cd-temaiis,  and  also  that  the  Spitzbergen  species  is  found  in  the  same  asso- 
ciation as  in  Russia.  This  form  also  occurs  at  Texas  ranch,  Calavera*? 
county,  California,  and  with  it  a  variety  still  more  like  Posidonia,  the 
outlines  less  elongated,  which  I  have  labelled  var.  posidoniformis. 

Var       elongata 
'  avicuUeJormis 

Aucella  erringtoni,  Meek.     Geol  Cal.,  vol.  I,  appendix,  pi.  1,  fig  3  (not  figs. 

1,2,  or  4,  5). 

Found  only  at  locality  719,  Texas  ranch,  Calaveras  county.  (Meek^'s 

locality  was  Mariposa  county). 

This  variety  is  just  intermediate  between  elongata  and  avicakeformis,  and 
differs  from  the  latter  only  in  having  a  narrow  posterior  wing.  The  out- 
line given  by  Meek  is  an  extreme  form  of  this  variety,  in  which  the  dorso- 
ventral  diameter  is  much  shorter  in  proportion  to  the  antero-posterior 
diameter  than  in  the  normal  forms. 

Var.  Elongnia  orbicularis. 

This  differs  merely  in  being  more  circular  in  outline  and  approximates 
toward  Aucella  orbictdaris. 
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Aucella  aviculasformis. 
I^oc,  near  Reynolds  ferry,  south  bank  of  Tuolumne  river,  six  miles  from 

Copperopolis. 

This  has  an  outline  similar  to  that  of  some  species  of  the  genus  Amcula. 
The  young  are  similar  to  Aucella  orbkularis,  but  become  more  elongated 
ill  adults  without,  however,  entirely  losing  the  orbicular  form.    The 
|>osterior  wing  is  large  and  the  posterior  outline  like  that  of  an  Avicula 
in  some  specimens ;  in  others  it  is  similar  to  Poddonia,    The  oral  region 
is  very  protuberant  and  more  rounded  than  that  of  var.  elongata^  but  does 
not.  project  so  far  anteriorly,  especially  in  the  right  valve,  as  does  the 
same  region  in  orbicularis.    The  hinge  region  is  broad  and  straight,  the 
valve  in  outline  being  similar  to  the  right  valve  of  orbicularis  ;  but  the 
diameter  from  the  umbo  to  the  border  of  the  dorso-ventral  edge  is  longer 
in  proportion  to  the  antero-posterior  or  transverse  diameter.     In  fact  it 
is  just  intermediate  between  elongata  and  orbicularis  in  many  characters, 
but  differs  from  both  by  its  peculiar  form  and  outline.     The  striae  are 
persistent  and  about  the  same  as  in  dongaia  and  orbicularis.     There  is 
nothing  similar  in  European  faunas,  so  far  as  I  know.     This  species  has 
the  general  aspect  of  Aucella  crassicollis,  var.  solida,  but  differs  in  the  de- 
velopment of  the  posterior  wing  and  striations.     Eichwald's  figures  of 
Aucella  pallasiy  figures  3  and  4,  and  Aucella  vwsquensiSy  figures  13  and  14  * 
(no  other  figures  in  this  plate),  resemble  this  variety  closely,  but  have 
smooth  shells  and  the  posterior  wing  is  not  developed.     The  Aucella 
mosquensis,  Whiteaves,t  is  considered  by  T^ahusen  J  as  very  similar  to  his 
Aucella  volgensis,  but  he  has  not  been  able  to  identify  the  two.     He  also 
makes  a  comparison  between  his  A^icella  inosquensis  and  the  Cretacic 
Monoiis  concentrica  of  Salta,  but  is  not  able  to  identify  them.    Aucella  mos- 
quensis  is  not  similar  to  Avicul^efonnis,  but  Volgensis  of  Lahusen  is  cer- 
tainly a  representative  form  in  Europe,  although  in  this,  as  in  the  other 
species  of  European  faunas,  the  development  of  the  posterior  wing  and 
absence  of  radiating  striae  are  marked  dififerences. 

Var.  acuta. 
Loc,  six  miles  from  Copperopolis. 

This  may  be  merely  a  noteworthy  form  of  aviculaefonnis,  or  it  may 
indicate  another  series  between  elongata  and  aviculasformis.  I  think  it  is 
simply  an  extreme  form  of  aviculsefonnis,  having,  however,  a  subacute 
angle  in  the  lines  of  growth  on  the  umbonal  ridge  and  a  correspondingly 
subacute  outline  at  the  posterior  extremity. 

*  Mangischalk  et  Aleutian  iDseln.,  pi.  17. 

t  Mesozoic  Fossils,  toI.  i,  pt.  i,  pi.  10. 

t  Lahusen,  Russichen  Aucellen  Mem.  Com.  Oool.  St.  Petersburg,  viii,  No.  I. 
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Aucella  orbictUaris. 

Amelia  errlngUyiu,  Meek.    Geol.  Cal.,  vol.  II,  appendix  no.  1,  fig.  4  (not 

figs.  1-3  or  5). 
Loc,  in  Calaveras  county,  generally. 

This  variety,  as  the  name  indicates,  has  a  remarkably  circular  outline, 
and  the  oral  region  is  exceedingly  gibbous  and  projects  anteriorly  a.s  in 
Meek's  figure ;  but  his  figure  is  certainly  an  extreme  form,  resemblintr. 
except  in  size,  the  young  shells  of  the  specimens  from  which  this  des<Ti|»- 
tion  is  taken.  All  the  good  specimens  examined  by  me  are  also  rijjht 
valves,  so  that  it  is  quite  possible  that  Meek^'s  extraordinary  form  may 
be  another  variety,  if  not  a  distinct  species.  Right  valves  of  this  variety 
can  be  easily  mistaken  for  slightly  distorted  specimens  of  Amv^i'fu 
aurarium  in  which  the  anterior  wing  has  been  lost,  so  closely  do  they 
approximate  in  outline  to  Meek's  figure  of  that  form,  and  the  shell  aUo. 
though  usually  marked  by  prominent  lines  of  growth  and  strise,  is  some- 
times quite  smooth. 

The  unequal  umbo  having  the  characteristic  anterior  reentrant  curve 
and  wing  of  Aucella  is,  however,  usually  sufficiently  well  marked  to  pre- 
vent an  observer  from  making  this  mistake.  This  variety  is  certainly 
very  similar  to  the  Aucella  crassicollis^  var.  solida  in  the  shape  of  the 
younger  part  of  the  right  valve,  but  differs  materially  in  having  stria- 
tions  and  in  the  shape  of  the  adult. 

One  specimen,  the  right  valve  of  a  young  shell  of  this  variety  (or  at 
least  at  present  here  included),  has  exactly  the  outline  of  Eichwald\-* 
AucelUi  concenirica^  in  the  extreme  variety,  as  given  in  his  figure  2,  show- 
ing that  a  corresponding  variety  occurs  in  Alaska  in  this  species.  Never- 
theless, Eichwald's  figure  dhows  a  smooth  shell,  whereas  the  valve  of  the 
California  species  is  strongly  striated  over  the  entire  surface.  Usually, 
however,  orbicularis  approximates  in  the  shape  of  the  right  valve  to  Eich- 
wald's  figures  5  and  6  of  Aucella  pallasi.  The  anterior  curve  of  oral  ami 
hinge  region  is  not  so  protuberant  and  does  not  project  dorsally,  and  the 
valves  are  usually  striated,  left  valve  being  entirely  distinct. 

It  is  evident  that  this  species,  avicidiejormu  and  elongata,  belong  to  the 
pallasi  type,  having  broad  hinge  line  and  rotund  oral  areas  in  the  right 
valves,  whereas  arcuata  belongs  to  the  narrow  hinged  type  of  A.  ww*-"- 
quenau^,  the  umbo  also  being  more  nearly  central  in  right  valve  than  in 
the  former. 

*  Mangischalk  et  Aleutian  Inseln,  pi.  17. 
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Historical  Review. 

Of  all  the  formations  on  the  Pacific  coast  none  have  received  greater 
attention  than  those  which  belong  to  the  Cretaceous.     The  earliest  ex- 

•  Published  by  permission  of  the  Director  of  the  United  iSt^ites  Geologieal  Survey.     Head  before 
the  GeoUjffical  Society  of  Wasiiington,  D.  C,  DociMiibor  20, 1893. 
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tensive  investigations  in  this  field  are  published  in  the  reports  of  ihi- 
California  Geological  Survey,  under  the  direction  of  Professor  Whitney. 
Mr  Gabb,  of  that  survey,  recognized  four  horizons  in  the  Cretaceous,  and 
the  names  given  thern  by  him  are  noted  in  the  first  column  of  the  accom- 
panying table.  The  Tejon,*  Martinez  and  Chico  were  considered  to  ]h*- 
long  to  the  Upper  Cretaceous.  All  the  Cretaceous  below  the  Chico,  com- 
posed of  the  beds  exposed  at  Horsetown,  on  the  north  fork  of  Cottonw<Hwl 
creek,  in  Shasta  county,  and  at  a  number  of  points  in  the  Coast  range, 
was  grouped  together  under  the  name  Shasta. 


Eocene. 


Upper  Cretaceous. 


Gabb,t  in  Cali- 
fornia. 


White,t   in  Cali- 
fornia. 


T^jon 

Martinez. 
Chico. 


Ix)wer  Cretaceous. . 


Jurassic, 


Shai<ta. 


Diller  and  Stanton,*/ 
nort  Ii  ern  Cal  iforii  m 
and  Oregon. 

T<yon. 


-4 


Chico-T^jon (Hiatus  and  unci»n- 

forniity.) 


Pmbable  j)lace  of 
the  Wallala  for- 
mation. 


I- 


(Hiatus  of  White. 
Unconformity  of 
Becker.) 


'  Horse  town. 


O 

!  ^ 


Knoxville    (in- 
cluding Mari- 


Chico. 


Horsetown. 


Knoxville. 


Mariposa I Mariposa.  || 


The  investigations  of  Conrad,  Jules  Marcou  and  Heilprin  have  shown 
that  the  Tejon,  instead  of  being  Cretaceous,  belongs  to  the  Eocene.^ 

In  connection  with  the  investigations  of  the  United  States  Geological 
Survey,  with  special  reference  to  the  quicksilver  deposits  of  the  Pacific 

♦The  proper  pro'nunoiatioD  of  this  Spanish  word  is  "tohone." 

i-GeoI.  Survey  of  California,  Paleontology,  vol.  ii,  preface  by  Whitney,  p.  xiii. 

J  U.  8.  Geol.  Survey,  BuUetin  no.  82,  pp.  184  and  241. 

§  Bull.  Geol.  Soc.  Am.,  vol.  4,  pp.  2U5-224  and  24.5-256. 

t  Hyatt:  Bull.  Geol.  Soc.  Am.,  vol.  5,  pp.  395-434;  see  also  Smith  :  Ibid.,  pp.  24.V25H. 

♦  For  a  more  complete  reference  to  the  literature  of  the  Cretaceous  of  the  Pacific  coaRt,  see  V.  ? 
Gool.  Survey,  Bulletin  no.«2,  by  Dr  C.  A.  Whit*»,  and  Bull.  Geol.  Soc.  Am.,  vol.  4,  pp.  24:*-249,  Kv  T. 
\\.  .^tanton. 
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coast  and  to  the  Gold  belt  of  the  Sierra  Nevada,  the  studies  of  Dr  White* 
and  Dr  Becker  f  resulted  in  changing  the  grouping  of  the  Cretaceous 
sediments.  They  recognized  both  the  Tejon  and  the  Chico,  but  they 
considered  them  as  belonging  to  the  same  continuous  series  of  beds,  the 
upper  or  Tejon  portion  belonging  to  the  Eocene,  the  Chico  to  the  Creta- 
ceous. They  gave  the  joint  name  Chico-T6jon  to  this  set  of  beds,  as  indi- 
(rated  in  the  second  column  of  the  table. 

Dr.  Becker  discovered  near  Wallala,  on  the  coast  some  miles  north  of 
San  Francisco,  a  series  of  interesting  fossils  containing  forms  which  had 
not  been  previously  recognized.  The  beds  in  which  they  were  found  he 
called  the  Wallala  beds.  Dr.  White  described  the  fossils,  of  which  the 
most  characteristic  is  CoralHochaiim  orcutil,  and  concluded,  from  paleon- 
tologic  grounds  alone,  that  these  beds  belong  immediately  beneath  the 
Chico.  According  to  Dr.  Becker  they  rest  unconformably  upon  the 
nietamorphic  rocks. 

The  beds  exposed  at  Horsetown  and  elsewhere  in  Shasta  county  they^" 
called  the  Horsetown  beds,  while  others.  In  which  the  characteristic  fossil 
is  of  the  genus  Aiicella  and  well  exposed  near  Knoxville,  in  Napa  county, 
they  called  the  Knoxville  beds.  At  first,  although  the  Knoxville  was 
recognized  by  paleontologic  evidence  as  being  older  than  the  Horsetown 
beds,  it  was  supposed  that  there  was  a  considerable  interval  of  time 
between  their  periods  of  deposition.  Owing  to  the  investigations  of  Dr 
Becker  at  Riddles,  in  Oregon,  as  well  as  those  of  Mr  Diller  at  the  same 
place  and  in  Shasta  and  Tehama  counties,  California,  it  was  shown  J 
that  these  two  sets  of  beds  were  more  .closely  related  than  had  been  pre- 
viously supposed,  so  that  in  his  correlation  bulletin  §  of  the  Cretaceous 
formations  of  the  United  States  Dr  White  suggests  that  their  successive 
deposition  took  place  without  a  time  interval.  —  - 

During  the  last  ten  years  the  writers  have  had  an  excellent  opportunity 
to  study  the  Cretaceous  of  the  Pacific  coast,  especially  in  northern  Cali- 
fornia and  Oregon,  and  also  to  some  extent  in  the  state  of  Washington. 
The  results  are  expressed  in  the  fourth  column  of  the  accompanying  table. 

In  Oregon  the  Tejon  is  entirely  distinct  from  the  Chico.  It  rest«  with 
a  marked  unconformity  on  the  Cretaceous  of  that  region,  and  is  separated 
from  it  by  a  time  interval  during  which  there  was  considerable  erosion. 
In  northern  California  the  T^jon  is  absent,  but  in  middle  and  southern 
California  it  is  well  represented,  and,  according  to  many  observers,  is 
conformable  with  the  Chico. 

It  has  recently  been  shown  by  Mr  Gilbert  D.  Harris  ||  that  the  Tejon 

'♦  U.  S.  Geol.  Survey,  Bulletins  nos«.  \.%  22  and  82. 
'flbid..  Monograph  XIII  and  Bulletin  no.  19. 
/J  Bull.  Geol.  Soc.  Am.,  vol  2,  pp.  201-2i)S. 

g  U.  S.  Geological  Survey,  Bulletin  no.  82,  p.  184. 

il  Science,  vol.  22,  p.  97,  August  18, 1893. 
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fauna  at  its  typical  localities  may  be  correlated  with  the  lower  GaiV>orn*- 
fauna  of  the  Gulf  states.  This  is  not  the  oldest  Eocene  fauna,  as*  it 
occurs  in  Alabama  about  1,200  feet  above  the  base  of  the  Eocene.  On 
the  other  hand,  the  Chico  fauna  as  typically  develoj>cd  in  the  Sacra- 
mento valley  does  not  indicate  tlie  latest  Cretaceous  time,  so  that  a  con- 
siderable time  interval  is  suggested  l)y  the  paleontologic  evidence.  Tin; 
evidence  of  the  reported  commingling  of  the  Chico  and  Tejon  faunas  has 
been  obtained  in  the  neighborhood  of  mount  Diablo  and  northward, 
where  the  strata  are  much  dislocated  and  folded  and  the  true  strati- 
graphic  succassion  often  obscured. 

The  Chico,  Horsetown  and  Knoxville  beds  have  been  found  to  grade 
into  one  another  in  sucli  a  way  as  to  show  that  they  are  simply  differt*nt 
phases  of  one  continuous  series  of  deposits  extending  without  an  im- 
portant interruption  of  any  kind  from  the  bottom  of  the  Knoxville  to 
the  top  of  the  Chico.  For  this  set  of  beds  the  term  Shiistn-Chico  series 
has  been  proposed.* 

Sections  of  the  Series. 
elder  creek  section. 

The  thickest  section  of  this  series  that  has  yet  been  measured,  and  in 
fact  the  thickest  section  yet  known,  is  well  exposed  on  Elder  creek, 
in  Tehama  county,  California,  where  the  Knoxville  beds  have  an 
apparent  thickness  of  20,0(K)  feet,  the  Horsetown  beds  approximately 
6,000  feet,  and  the  Chico  beds  4,000  feet,  so  that  the  total  thickness  of 
the  Cretaceous  section  in  that  region  appears  to  be  30,000  feet.f 

In  the  accompanying  table  the  section  is  given  in  sortie  detail,  includ- 
ing the  fossils  which  occur  at  diflerent  horizons.J 


♦  Bull.  Geol.  8oc.  Am.,  vol.  4,  pp.  205-224,  anil  24j-2oG.  Siiu'e  fche  piipors  referred  to  woro  writt^m 
we  have  spent  several  months  in  the  fi.^hl,  oomplotoiy  reviowim?  the  Orettieeous  of  northern  Culi- 
fornia.    The  results  fully  confirm  our  previous  views.  - 

fThis  enormous  thickness  soems  incredible,  iind  yet,  after  going  over  the  section  several  timo*'. 
we  have  not  been  able  to  fin*!  rplia)>le  evidence  for  its  re<luotion.  No  duplication  of  strata  could 
Ije  recognized  either  upon  lithologic  or  psileontologic  grounds,  but,  on  the  contnirj*,  there  seem* 
to  be  a  regfular  succession  without  repetition  in  both  rocks  and  fossils  from  top  to  bottom.  The 
evidence,  however,  is  not  strong,  for  in  the  Knoxville  bods,  which  comprise  the  greater  portion  of 
the  series,  there  are  few  if  any  distinct  lithologic  horizons  by  which  repetition  could  b**  certainly 
recognized,  and  very  few  fossils  were  found  in  them  along  the  line  of  the  section.  Small  folds  and 
faults,  both  normal  and  thrust,  were  observed  so  related  to  the  dip  of  the  strata  as  in  some  eases  to 
increase  and  in  others  diminish  the  thickness  of  the  section.  The  effect  of  the  one,  a.-?  nearly  a!» 
could  be  estimated,  counterbalanced  the  other.  It  is  important  to  not«  in  thia  connection  that  ihf 
complete)  series  of  Shasta-Chico  beds  is  not  exposed  in  this  section.  At  the  eastern  end  of  the 
section  the  Chico  beds  disappear  unconformubly  beneath  the  later  deposits  of  the  Sacramento 
valley,  which  covers  its  topmost  layers.  The  wo.'*tern  end  of  the  section  is  terminated  by  serpt'u* 
tine  which  is  probably  of  later  eruption. 

J  This  section  was  measured  in  1889  ny  J  S.  Diller  and  J.  Htunlt-y-Brown.  Am.  Jour  Sci .  vol.  xl. 
p.  476. 


KLDKR   CKKKK    SKCTION. 


439 


Feet. 


Kockfl. 


FoHsils. 


500 
1,000 

l,o00 
2,000 

2,500 


Shales  with 
some  thin 
sandstoneH. 


/  IiHHrraniu.H. 
\  Pre 


\cteu^  Hp.  a. 


SandstonoH, 


Shales  coii- 

taininj?  one 

25-foot  bed  of 

sandstone. 

Massive  sand- 
stone. 

Conglomerate. 

Miussive  sand- 
stone 
with  thin 
conglomerate. 


(Am 

?s.      \      ri 

I  luiH 


.  1  m  m.  ( Pacfufdiacii^)  m/wher 

rijauHH. 
IniH'eraniuH  trhitneyl.  4^ 


f  Tlwtia  aimnUtta. 
I  diione  rnrinns. 
I  TeUina  axkbtirueri. 
\  TfUiiia  imi'UU. 
I  (hjrmle^  ej-pnuita. 
I  Aiirhura  calif ornica.* 


:5,000 


Shales. 


Conglomerate 

with  lime- 
stone pebbles. 

V 

Sandstone, 
3,500  shale  and  con- 
glomerate. 


4,000, 

4,.=i00 
5,0(K) 

5,500 

0,000 

6.500 
7,000 

7,500 
«,000 
8,500 


Chiefly  eon- 
glomerate. 

Shales  with 

thin 
sandst4)nes. 

—  f. 

Shales. 

Sandstone. 

Shales. 


'  Pectni  opemdiformis. 
CucTUUfn  trnncntd. 
Xt'm wlon  ra hjCou veren^U. 
Trigouin  eian»ana. 
Triijonia  leima. 
Trigimia  snjuicosffata  (?)  - 
PecUntenUiH  renh'hi. 
Meekia  wUa. 
Chione  I'uruins.    • 
VanjatU  ultkla. 
( hralliochama  orcuiti. 
Deixtcd'mm  Htramineum. 
Lnnaiia  avellnna. 
Anrhura.  calif orniica. 
Anna.  (Dtsmoi'eras),  sp.  a. 


Shales.  r  l\cttn  operrunjonuix. 

~~ '  \  yttnioihni  cnncourerntM 

Shales.  — 

Shales  and 

thin 
sandstones. 


Shales. 


I    9,000 

I    ^»'^^      Shales  and 
1 10,000 '    Sandstones. 


Iiioceramn.'i  sj). 

A  mm.  (7><w/toc«^'Gur),  sp.  e. 


'  Pfcten  operculiformi*. 
Rxogyra  purwsitica. 
CacnUiva  truncala, 
Trigonia  Uana. 
Trigonia  evansana, 
Meekia  tteUa. 
Coi-alliochama  orciUii 
Chione  varians. 
Caryatis  nitida. 
TJwtiM  annxUaia. 
Deriialium  strnmineum. 
Lunatia  aceUana. 
(ignnies  expansa. 
Anchnra  cjUif arnica. 
Anchura  falciformis. 
Vinulia  maUJiewsoni. 
Actsron  inornatnft. 
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Feet. 


T3 


f  10,500 
11,000 
11,500 

12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
1«,000 
16,500 

17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,(XX) 
20,500 
21,000 
21,5(K) 
22,000 

22,500 
23,000 
23,500 
24,000 
24,500 

25,000 
25,500 
2(»,000 
!  2H.300 
27,0(M)  j 
27,500  I 
28.000  I 

28.500  I 
2^>,000 
29,500  1 

[  30,000  I- 


Rock». 


Shales 

twisted  and 

veined. 


Shales 

with 

Calcareous 

layers. 


Shales 

with 

Calcareous 

layers 

in  places 

much 

folded. 


Fossils. 


r  lielemnHn  iniprcxtms. 
XAimnouUes  (I)e}*mocrr(ii<)  sp. 

j  Belrnntih'.H  impirssua. 

\  Ammonites  {Lifloceraa)  ImU'M. 


{  Ferns  and  other  i)lantH. 
1  (U>cality  d.) 


Shales  and 

shaly 
sandst(*)ne8 

with 

Calcareous 

layers. 

Shales  and 

shaly 
sandstones 

with 
hinall  san<l- 

stones 
increasin^. 

Shales 

and  thin 

sandstonesr 

Seri>entine 
(Peridotite). 


1 . 


Ancella  piochi 


In  the  Knoxville  beds  shales  predominate,  although  there  are  a  lar^rp 
numl>er  of  tliin  sandstones  interstratified  with  the  shales.  The  great 
majority  of  these  sandstones  are  less  than  a  foot  in  thickness,  and  they 
rarely,  if  ever,  attain  ten  feet  along  the  north  fork  of  P'lder  creek.     Sami- 
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stones  are  most  abundant  in  the  lower  half  of  the  Knoxville ;  in  the 
upi)er  half  they  are  unconnnon.  Botii  north  and  south  of  Elder  creek 
the  Knoxville  beds  contain  thick  strata  of  conglomerate  which  do  not 
appear  in  the  measured  section.  The  base  of  the  section  is  serpentine, 
which  has  resulted  from  the  alteration  of  an  eruptive  rock,  in  all  proba- 
bility belonging  to  the  peridotites.*  Ripple  marks  have  been  found  in 
this  portion  of  the  section  showing  that  the  rocks  were  deposited  in 
shallow^  water. 

The  shales  of  the  Knoxville  beds,  with  occasional  thin  layers  of  sand- 
stone, continue  upward  without  any  interruption  either  in  the  character 
of  the  sediments  or  in  the  position  of  the  strata,  into  the  Horsetown  beds. . 
On  account  of  the  gradual  transition  in  all  respects  from  the  Knoxville 
t4>  the  Horsetown  beds  it  is  impossible  to  draw  a  sharp  line  between 
them.  Aucella  being  the  most  abundant,  widely  distributed  and  char- 
acteristic fossil  of  the  Knoxville  beds,  it  seems  best  to  draw  the  line  upon 
a  jjaleontological  basis  at  the  upper  limits  of  the  ^wce^a-bearing  layers. 
At  that  horizon  fossils  are  usually  abundant. 

The  Horsetown  beds  in  this  section  are  composed  chiefly  of  shales, 
although  there  are  some  sandstones  of  considerable  size.  One  was  ob- 
served 50  feet  in  thickneas,  another  12  and  a  third  8  feet.  Few  fossils 
were  found  in  thase  beds  afong  Elder  creek,  but  a  short  distance  to  the 
southward  in  the  Bald  hills,  immediately  above  the  Knoxville,  they  are 
more  fossiliferous  and  contain  the  Horsetown  species  mentioned  on  page 
446.  Several  miles  east  of  Lowreys,  on  Elder  creek,  the  basal  portion  of 
the  Chico  is  rich  in  fossils.  Here  is  found  an  intermingling  of  numerous 
Chico  and  Horsetown  forms. 

The  Chico,  which  has  a  thickness  of  nearly  4,000  feet  in  this  section, 
is  composed  chiefly  of  sandstones  and  conglomerates.  The  basal  portion 
i.s  made  up  of  conglomerates  altogether.  The  upper  portion  for  1,100 
feet  is  composed  chiefly  of  shales,  and  there  are  some  shales  lower  down 
intercalated  between  the  sandstones  and  conglomerates.  The  conglom- 
erates at  the  base  contain  numerous  nodules  of  limestontj  which  are  rich 
in  fossils.  Here  was  found  Coralliochaina  orcuiti,  the  characteristic  Wal- 
lala  fossil,  in  exactly  the  position  predicted  for  it  by  Dr  White.  Its 
occurrence  in  the  basal  portion  of  the  Chico  of  this  section,  as  well  as 
others  upon  the  western  border  of  the  Sacramento  valley  with  a  large 
number  of  Chico  fossils,  completely  demonstrates,  as  already  urged,  that 
the  Wallala  beds  are  only  a  phase  of  the  Chico. 

*A  few  miies  southwest  of  Paskenta,  by  the  road  to  Kound  valley,  h  large  dike  of  serpentiue 
sippears  to  cut  directly  across  the  Knoxville  beds,  and  there  can  be  but  little.  If  any,  doubt,  as 
9hown  also  by  Fairbanks  (.\merican  Geologist,  March,  1892)  and  Turner  (Bull.  Geol.  Soc.  Am.,  vol. 
-.  pp.  318-40^),  that  the  serpentine  of  the  Coa-st  range  are  altered  eruptive  rocks  younger  than  the 
Knoxville  portion  of  the  Shasta-Chifo  series. 
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SECTION  Oy  COLD  FORK  OF  COTTONWOOD  CREEK. 

The  Cold  fork  of  Cottonwood  creek  is  about  15  miles  nortli  of  Elder 
creek.  The  section  it  affords  was  not  measured,  but  was  examined  sev- 
eral times  with  some  care.  At  this  point  the  Aucella  beds  are  not  r^o 
thick  as  on  Elder  creek,  and  yet  they  must  be  in  the  neighborhood  oi 
10,000  feet  thick,  for  they  are  exposed  with  a  steep  dip  over  a  belt  ••f 
country  3i  miles  in  width  across  the  strike.  The  basal  beds  are  8hal«r> 
with  local  conglomerates  and  rest  directly  with  a  conspicuous  uuc<.hj- 
formity  upon  the  metamorphic  rocks.  In  the  adjacent  hills  the  mota- 
morphic  rocks  are  found,  and  among  them  are  a  number  of  limestone?. 
One  of  these  has  afforded  an  imperfect  Chfvtet€,%  which  Mr  Walcott  h;i- 
referred  to  the  Carboniferous.  The  basal  conglomerates  of  the  Kiiox- 
ville  series  contain  pebbles  of  these  limestones. 

Aucella  was  discovered  in  this  region  by  Mr  H.  W.  Fairbanks.  It 
occurs  rather  abundantly  in  the  upper  portion  of  the  Knoxville  bed-. 
Five-eighths  of  a  mile  up  a  small  ravine  which  enters  Cold  fork  ju^t 
above  Mr  Stephenson's  house  Aucella  was  found  in  the  same  bed  with 
numerous  other  fossils  noted  on  page  449,  so  that  there  can  be  no  doubt 
whatever  concerning  their  association. 

The  overlying  beds  in  this  section  differ  somewhat  from  those  on 
Elder  creek  in  containing  a  fetid  limestone  about  30  feet  in  thickne.s>. 
It  contains  Ammonites  {Olcostepkanus)  demmi,  Whiteaves  ;  Atreshis  Uratu.<, 
Gabb  (?);  Modlola  major ^  Gabb,  and  Cifprina  (?),  n.  sp.,  and  is  probablv 
about  the  same  liorizon  as  one  of  the  limestones  repork»d  by  Whitney 
and  others  in  Colusa  and  adjoining  counties  to  the  southward,  whert' 
they  are  said  to  be  closely  related  with  the  Aucella  beds.* 

SECTION  ON  NORTH  FORK  OF  COTTONWOOD  CREEK. 

This  section  has  been  measured  and  is  given  in  the  accompanying 
table.  It  is  well  exposed  along  the  north  fork  of  Cottonwood  creek  and 
its  branches  above  Gas  Point.  In  the  vicinity  of  Ono  the  Horsetown 
beds-rest  with  marked  unconformity  directly  on  the  metamorphic  rocks. 
At  the  base  there  is  a  heavy  conglomerate  which  is  derived  directly  from 
the  metamorphic  rocks  near  by.  Aucella  has  not  been  found  in  this 
section,  though  the  fossils  of  its  basal  portion  are  identical  with  thost* 
that  occur  in  beds  adjoining  the  Aucella  beds  in  the  Bald  hills  near  Elder 
creek.  The  Horsetown  beds  in  this  section  have  a  thickness  of  5,200 
feet,  and  consist  chiefly  of  shales  and  thin  sandstones.  They  have 
afforded  a  large  number  of  fossils,  many  of  which  have  already  been 
described  by  the  paleontologists  of  the  Geological  Survey  of  California. 

♦  Soo  rcferencos  by  G:vb>)  in  PnlfontoloKV  of  California,  vol.  ii,  pp.  l'J2, 195.  2fA. 
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Feet. 


5(K) 


1,000; 

1,500 

2,0001 

2,500! 


Rocks. 


Fossils. 


Shales. 


Sandstones 
and  shales. 


Shales,  with 
occaeional 

thin  beds  of  | 
sandstone.     1 


NnniUi  truneata. 

f  Nuvnla  truneata. 

[  Ammonites  {iSchhjenlHichia)  chictiemifi. 


Same  as  above. 

r  Imyceramu^  irhUneyi. 

\  Pecten,  sp.  a. 

I  Potnmide»  tennis  (?) 

Lnnatia,  sp. 
[  TrochoHmiliay  sp. 


Conglomerate  ^ . 
and  sand-    | 
stone. 


J  Amm.  (Lytocerti»)  mrya  (?)• 


I. 


3,000 


3,500 


Shale. 


Conglomerate  ■ 
and   sand- 
stone.        I 


Pect4^n  operculiformis. 
Cncxdliva  truneata. 
Trigtmia  eratimna. 
Meekia  sellu. 
Chione  vanans. 
Caryaiui  mtUla. 
(iyrodi'i*  e^cpansa. 
Ayichura  ealifomica. 
Vintdia  obliqua. 
Ammonites  (Aeanthoceras) ,  sp. 
^Amm.  (DeamiX'era^) ,  sp.  a. 


Shale. 


Sandstone 
and  shale. 


4,000'  Shales,    con- 
siderably dis- 


4,fX)0 

5,000 
5,500 

6,000, 

0,500  I 


turbed,  with- 
out prominent 
bed  of  sand- 
stone. 


J 


'  Pecten  opercuiifontiis. 
Kvogyra  parasitica. 
Nemodon  vancoa verensia. 
Cucidlxa  truneata. 
Trigonia  etYinftarui. 
Trigoniu  leana. 
Corallioehama  oretUti. 

j  Vrioeeras  pereostnJtv}<. 
\  Ancytoeeras  lineatus. 

{Tumus  plenus. 
Amm.  (De.smoeeras)  hofmanni, 
tVtoeerai^  percostatus. 


A  nckura  falciformis. 
Amtn.  {Desmoceras)  hoffmamii  (?) 
Amm.  { Desmoceras) f  sp.  a. 
Amm.  (Desmoceras) f  sp.  b. 

f  Exogyra  parasitica. 

J  Cuculliea  truneata. 

I  Lunatia  avellana. 

1  Amm.  [Scldoenbtvchia)  inflata. 


Shales,  with 
thin  beds  of 
« rwin      sandstone 
''"^'      near  base. 

7,500 ' 


8,000: 


Amm.  [Lytoeeras)  Itatesi.* 
Amm.     {Desmoceras)     hoff- 

manni. 
Amm.  (Phylioceraxf)  ntmosas. 
Amm.  (Hoplifes)  remondi. 
Aneylftcerni^  remondi 


S,500 


Sandstone. 


Shales. 


f  Pecten  operrtUiformia. 
PI  teat  nfa  m  riafa . 
Nemodon  ra  neon  eeretisls. 
Trigon  in  ie</n  icoMata . 
Plenromya  hrrigata, 
Lufuitla  aeeUmni.   . 
Potamides  diadenui. 
Ammonites  {Lytoeeras)  Indeni. 
DiptyehfH'era^  Itenn. 
Bvlctn  n  Uen  impresMti:*. 


Pecten  opereidiformis. 
Nemodon  mncowei^ensis. 

TngomaTeana. 

Trigonia  tpquicostcUa. 
Diptychoeeras  Ucvis.  ^ 

'  Pecten  opercuHfo^-mis. 

Oxytoma  mucronaia. 

Plicatula  variakt. 

Nemodon  rancouverensis. 

Trigonia  iequicostata.    ^ 

Pleuromya  i^vrigata. 

Lnmitia  avelUina. 

Helicaidfu-  bicarinata, 

Potam  ides  diadema. 
^  Belemititett  impreiwuH. 


[  i  Conglomerate. 

«,ooo  — -7--  - 

I       Dionte. 
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The  Chico  beds  of  this  section,  extending  from  a  shoii;  distance  iihow 
the  mouth  of  Hulen  creek  to  Gas  Point,  have  a  thickness  of  3,G00  fvH. 
In  the  basal  portion,  as  on  Cold  fork  and  Elder  creek,  conglomerates  aij«'. 
sandstones  prevail,  but  with  a  thickness  deminishing  northward.  Thtv 
contain  near  the  bottom  a  large  number  of  characteristic  Chico  fo:^^!!?. 
and  associated  with  these  at  this  point,  as  well  as  on  Cold  fork  ami 
Elder  creek,  have  been  found  the  characteristic  Wallala  fonn,  G^rolU*- 
chama  orcuiti 

At  Gas  Point  the  topmost  Chico  beds  are  unconformably  overlapped 
by  the  post-Cretaceous  deposits  which  fill  the  Sacramento  valley.  It  i- 
not  probal)le,  however,  that  much  of  the  section  is  covered,  for  upon  tla 
eastern  side  of  the  Sacramento  valle}^  where  the  upper  portion  of  tin 
Chico  is  e^^posed,  the  fossils  indicate  approximately  the  same  horizon  a- 
the  beds  at  Gas  Point.  No  trace  of  the  Tejon  hiis  yet  been  found  in 
California  north  of  the  fortieth  parallel. 

Faunas  ok  the  Series. 
chico  faux  a. 

The  Chico  fauna  is  most  typically  developed  at  Pence's  ranch,  Butit* 
creek,  Chico  creek  and  other  localities  along  the  eastern  border  of  the 
Sacramento  valley,  where  it  was  first  recognized  by  the  California  (too- 
logical  Survey.  A  great  many  species  were  described  from  this  region 
by  Mr  W.  M.  Gabb,  a  few  were  described  eiirlier  by  Dr  Tra.sk,  and  souw 
additions  to  the  fauna  have  since  been  made  by  Dr  C.  A.  White.  The 
strata  exposed  at  these  localities  are  comparatively  thin,  and  on  structural 
grounds  they  are  correlated  with  the  upper  portions  of  the  beds  referretl 
to  the  Chico  in  the  sections  on  the  west  side  of  the  Sacramento  valley. 
This  correlation  is  supported  by  the  fact  that  the  few  fossils,  such  :i> 
Ammonites  (Schloenbachia)  chlcoeima  and  NucuUi  triincata,  found  only  in 
the  upper  parts  of  these  sections,  are  common  at  the  t\'pical  loc^ilitie^ 
above  referred  to,  though  the  very  small  number  of  species  makes  tl)e 
comparison  with  the  rich  fauna  of  the  east  side  of  the  valley  less  satis- 
factory than  is  desirable.  On  the  other  hand,  the  lower  1,000  feet  of  the 
Chico  in  the  measured  sections  are  very  fossiliferous,  and  the  fauna  thev 
have  yielded,  though  not  as  large  as  that  of  the  typical  Chico  localitie.'^. 
has  many  specias  in  common  with  it,  together  with  some  that  have  not 
been  found  there.  Such  species  as  Cactdliea  triuicata^  Trifjonia  evansann, 
TrUjoiiia  leana,  Meek'm  sella,  Pectuncuhis  veatchiy  Chione  varians,  A^ichnm 
falciformis  and  others  that  are  common  on  the  ejist  side  of  the  valley 
occur  at  the  very  base  of  the  Chico.  This  comparatively  small  chanp:e 
in  the  fauna  indicates  that  the  Chico  was  a  period  of  rapid  scdimentati(»n 
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in  the  Sacramento  valley,  and  that  the  advancing  shore  of  the  trans- 
^rressing  sea  furnished  a  uniformly  favorable  habitat  for  its  littoral  fauna. 

The  lists  of  the  more  important  fossils  given  in  the  tabular  descriptions 
of  sections  on  Cottonwood  and  Elder  creeks  show  that  the  Chico  fauna 
ranges  through  nearly  4,000  feet  of  strata. 

A  few  of  the  species  in  the  lower  half  of  the  Chico  are  worthy  of  spe- 
cial mention.  The  occurrence  of  Coral! iochanm  orcutti  at  about  the  same 
liorizon  in  all  the  sections  examined  fixes  the  position  of  the  Wallala 
V>cd8  in  the  lower  part  of  the  Chico. 

The  following  occur  also  in  the  Horsetown  beds,  some  of  them  ranging 
clown  to  the  base  of  that  division : 

J*ecfen  ojyerculiformU.  Meekla  nella. 

ICxogifra  paralitica.  Chione  varinm. 

OuculLva  tnincata.  ^  Luiialia  avelUwa. 

ycmodon  imtconvereii^iji.  AmmoniU'tt  (Defnnocerwi)  hoffmanni. 

Trigonialeana,  Ammonites  (De»fnoceras)  sp.  a. 

Trigonia  scqiii^oftata  (?) 

IIORSETOIVN  FAVNAS. 

Upper  Horsetown. — In  the  sections  described  the  very  close  connection 
of  the  Chico  with  the  preceding  Horsetown  fauna  is  not  fully  shown, 
because  the  upper  part  of  the  Horsetown  beds  is  not  very  fossiliferous 
along  the  measured  sections.  At  Horsetown  and  Texas  springs,  how- 
ever, only  a  few  miles  northeast  of  the  Cottonwood  section  many  fossils 
have  been  found  that  evidently  belong  very  near  the  top  of  the  Horse- 
town beds.  Lists  of  species  from  these  localities  showing  a  commingling 
of  the  Horsetown  and  Chico  faunas  have  already  been  published.*  The 
collections  of  the  past  season  at  these  places  have  added  three  interesting 
spe<des  of  ammonites,  viz :  Lijtoceras  scicya,  Forbes,  which  is  evidently 
identical  with  the  Queen  Charlotte  specimens  referred  to  that  species ;  a 
Desmocerris  (the  same  as  the  one  in  the  Chico  listed  as  Ammonites  {Desmo- 
cerni)^  sp.  a),  that  seems  referable  to  DenmoceroH  beudrmtl,  Brongiart,  which , 
aLso  occurs  in  the  Queen  Charlotte  formation ;  and  an  Acanthocenis  that 
resembles  one  of  the  forms  of  Acanthocerns  mammilkirey  Schloth.,  figured 
by  d'Orbigny.t  In  connection  witli  these  species  the  Schloenbachla  in- 
fliftn,  Sowerby,  from  the  to[)  of  the  Horsetown  on  Cottonwood  creek  may 
be  mentioned.  This  species  is  reported  from  the  Queen  Charlotte  forma- 
tion ^nd  it  occurs  in  the  Ootatoor  group  of  southern  India.  Stoliczka's 
figure  X  seems  to  agree  in  every  particular  with  our  California  specimen 
which  was  found  associated  with  two  Chico  species  only  a  short  distance 
below  the  assumed  base  of  the  Chico.    These  ammonites,  together  with 


*BuII.  Geol.  Soc.  of  Am.,  vol.  4,  pp.  210,  250. 
tPal.  Francaise  Terr.  Cr^tae^,  t.  1,  pi.  73. 
t  Palfflontologia  [ncUca,  vol.  1,  pi.  27. 
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AminonUes  (^Desnwceras)  breweri  and  many  species  of  other  classes  of  mol- 
lusca  that  are  associated  with  theni  in  both  California  and  Queen  Char- 
lotte islands,  show  that  at  least  a  part  of  the  lower  shales  or  division  C 
of  the  Queen  Charlotte  Cretaceous  may  be  correlated  wuth  the  extreme 
upper  portion  of  the  Horsetown  beds,  if  not  with  the  base  of  the  Chico. 
They  also  show  indirectly  that  the  upper  part  of  the  Queen  Charlotu- 
formation  and  the  Vancouver  formation  must  be  closely  related,  sincM^ 
the  latter  holds  the  same  fauna  as  the  typical  Chico ;  that  is,  the  Van- 
couver fauna  should  immediately  succeed  the  latest  portion  of  the  Qut^n 
Charlotte  fauna,  instead  of  being  separated  by  the  time  interval  required 
for  the  deposition  of  the  3,500  feet  of  strata  in  divisions  A  and  B  of  the 
Queen  Charlotte  islands  section. 

Three  of  the  ammonites  above  mentioned  and  a  number  of  other  spe- 
cies are  represented  by  identical  or  closely  related  forms  in  the  Ootatoor 
group  of  India,  which  is  usually  correlated  with  the  European  Ceno- 
manian,  and  a  similar  fauna  is  found  in  the  Cretaceous  of  Japan  and 
Saghalin.  These  forms  indicate  that  in  Cretaceous  time  the  faunas  of 
the  Pacific  were  able  to  migrate  from  one  side  of  the  ocean  to  the  other, 
probably  through  the  shallow  waters  of  high  northern  latitudes,  and 
thence  along  the  shores  on  either  side. 

Lowei*  Horsetoum, — The  lower  Horsetown  beds  are  characterized  by  a 
greater  abundance  and  variety  of  ammonites  with  a  smaller  proportion 
of  other  mollusca,  though  in  the  occasional  sandstone  beds  that  occur  in 
the  shales  down  to  the  base  the  fossils  are  more  closely  related  to  the 
littoral  faunas  of  the  upper  Horsetown  and  Chico,  and  several  of  the 
species  seem  to  range  through  the  entire  division.  There  is  certainly  no 
faunal  break  within  it.  This  portion  of  the  Horsetown  also  is  repre- 
sented at  many  localities  in  the  lower  shales  of  Queen  Charlotte  islands. 

The  exposures  below  the  Chico  in  the  Elder  Creek  section  have  not 
yielded  many  fossils,  but  in  the  Bald  hills,  two  to  four  miles  south  of 
Elder  creek,  several  fossiliferous  localities  were  found,  both  in  the  Horse- 
town and  in  the  Knoxville  beds. 

At  one  of  these  localities  near  Wilcox's  ranch  a  zone  at  the  base  of  the 
Horsetown,  not  more  than  from  50  to  200  feet  above  the  Aucella  bed?', 
yielded  many  species  that  are  characteristic  of  the  lower  1,500  feet  of  the 
Cottonwood  Creek  section.     They  include — 

Pedeii  operciUiformht,  Gabb.  A  mm.  {LyttH'emi)  Ixit^sij  Trask. 

PliccUula  rano^rt,  Gabb.  Amm.  (Phylloceras  ?)  rammus^  Meek. 

Nemodon  rancouverefisiftj  Mook.  Amm.  {Oli'odt'phanuif)  trash ,  Gabb. 

Pteuromya  Uvvigata^  Whiteaves.  Amm.  (OlcoMephnnwi),  sp.  a. 

Potamidcs  diademriy  Gabb.  ( 'riorenut  percoHtatimy  Gabb. 

Hdicaulajr  bimrinafa,  Gabl).  ( Vioirnis  bitm,  Gabb. 

Adieon  impresimSi  Gabb.  DdnnniUs  impre^u^^  (labb. 
Jjunatia  aveUann^  Gabb. 
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KXOX  VILLE  FA  UNA . 

The  beds  immediately  below  this  zone  contain  essentially  the  same 
fauna,  with  the  addition  of  large  numbers  of  Aiicella  (the  most  character- 
istic fossil  of  the  Knoxville)  and  a  few  other  forms.  At  a  locality  about 
two  miles  north  of  Wilcox's  ranch  the  following  fossils  were  found  in 
the  uppermost  strata  of  the  Knoxville  beds : 

^l#/<rW/«  cm/w?ro//w»,  Keyaerling;  abundant.  Ammonit4's  {Lyt6ci'rn»)  UiteMt^  TiiiHk. 

Ancdht  piochu,  Gabb,  v^rowtta;  rare.  AminonUfs  (OlcoHtt'pJianuH) ,  sp.  a. 

fuffce ramus,  sp.  undetermined.  Crioceras  kUus,  Gabb. 

/leliranlax  bicarinata.j  Gabb.  Belemnites  impressuH,  Gabb. 

The  AucelliB  play  so  important  a  part  in  the  Knoxville  fauna  that  it 
is  necessary  to  insert  here  a  few  notes  on  their  variations  and  strati- 
graphic  range. 

AaceUse  of  the  Knoxrille  Beds. — The  most  characteristic  and  by  far  the 
most  abundant  fossils  of  the  Knoxville  beds  are  the  various  forms  of  the 
jrenus  AucelUi.  In  many  places  the  rocks  are  completely  filled  with  them, 
and  they  are  known  to  range  through  almost  the  entire  great  thickness 
of  the  beds,  These  Aucellae  show  a  great  variety  of  forms  and  sizes,  but 
they  are  easily  separable  into  two  groups  that  are  in  a  general  way 
characteristic  of  different  horizons.  One  of  these  groups,  which  includes 
the  typical  form  oi  Axicella  'piochii^Giihh^  is  characterized  by  its  slender, 
oblique  form,  and  is  very  inequjvalve,  the  left  valve  being  convex,  with 
a  long,  narrow,  incurved  beak,  while  the  right  valve  is  nearly  flat,  and 
its  beak  also  is  narrow.  Occasionally  a  specimen  shows  faint,  radiating 
stria?,  suggesting  the  older  Aucella  erringtani  of  the  Mariposa  beds.  Of 
the  Russian  species,  Aucella  niosquenm  is  its  nearest  relative,  but  as  there 
are  several  differences  in  form,  especially  of  the  umbonal  region,  it  is 
prefcral)le  to  leave  them  under  Gabb's  name,  which  was  proposed  about 
thirty  years  jigo. 

At  the  lowest  horizon  in  the  Knoxvilh;  beds  from  which  we  have  col- 
lected in  this  region  the  typical  Aacellii  piochii  occurs  alone,  but  in  higher 
stratii,  about  3,000  or  4,000  feet  below  the  top  of  the  Knoxville,  it  is  asso- 
ciated with  a  larger,  more  convex  variety  that  may  be  com])ared  with 
.1  ncella  mosquenm,  var.  ovata^  or  with  Aucella  terehratuloides.^  This  variety 
occurs  sparingly  at  first,  and  at  a  horizon  about  1,000  feet  higher  it  be- 
comes the  prevailing  fonn.  For  convenience  this  variety  is  called  Aucella 
jnochil,  var.  ovata,  but  it  should  be  stated  that  there  is  great  individual 
variation,  so  that  it  is  difficult  to  assign  limits  to  any  variety  or  species 
that  may  be  proposed. 

♦Figiireri  id  Paleontology  of  California,  vol.  i,  pi.  2.5,  fig.  173. 

tSoe  Luliusen,  J.:  UeJ>€r  RuAsiiHclieii  Aucellen,  M6ni.  Cora.  Geol.,  vol.  8,  no.  1.  St.  Petersburg, 
If^S,  where  the  Russian  species  are  all  figured  and  deseril.>ed. 
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At  the  horizon  just  mentioned,  about  2,000  feet  below  the  top  <if  tli» 
Aucella  ])ed8,  where  A.  pwchit,  var.  orata,  is  the  most  abundant  form.  th» 
first  representatives  of  the  second  general  group  of  forms  of  the  typt- « : 
.4.  crassicoHis^  Keyserling,  occur.  This  includes  all  the  broad,  mbu-t, 
inflated  forms  in  which  both  valves  are  almost  equally  convex  an<l 
nearly  ccjual  in  size,  such  as  the  forms  figured  by  Gabb*  and  referre<l  t^ 
Aarclla  plorhii.  Aucelhe  of  this  type  occur  sparingly  at  the  almve-nitMi- 
tioned  horizon,  the  lowest  at  which  they  have  been  observed,  while  tb<v 
are  the  dominant  and  almost  exclusive  forms  in  the  upper  1,000  or  1,'>'«' 
feet  of  Knoxville  beds,  only  occasional  specimens  that  can  be  referreil  to 
Aucella  piochn,  var.  ovata  occurring  with  them.  In  Russia,  according  t'> 
Lahusen,  all  the  Aucella)  occ^urring  in  the  Cretaceous  belong  to  this 
group.  He  recognizes  the  following  species  among  them  :  Aucell/i  rrcit-.'- 
coUis,  A.  craaRicoll  is,  yar.  soli  da ;  A.  crassicollis,  var.  gracilis;  A.  huUoitlf<, 
A,  keyserlingi,  A,  pirif(rrmis  and  A.  piriformis,  var.  majuscula;  also  .1. 
inflata  from  the  upper  Volgian,  which  is  by  most  authors  referred  to  tht- 
Jurassic.  Nearly  all  of  these  forms  can  be  dui)licated  in  our  collection:^ 
from  the  Knoxville  beds,  but  as  it  does  not  seem  possible  to  separate 
these  California  sj)ecinjens  into  definable  species,  they  will  be  referrtMl  to 
Aucella  a^assicoUi,^  Keyserling,  which  is  the  earliest  valid  name  f  that  ha^ 
been  applied  to  the  group. 

Dr  C.  A.  White  and  Mr  J.  F.  Whiteaves  in  describing  the  American 
Aucelhe  have  both  recognized  the  varietal  importance  of  the  two  general 
groups  of  forms  here  described.  The  facts  as  to  their  stratigraphic  range 
as  we  have  now  determined  them  justify  their  recognition  as  spt*cic:«, 
even  though  they  are  genetically  related  and  connected  by  many  inter- 
mediate forms. 

It  is  an  interesting  fact  that  the  various  forms  of  An<xlla  have  appeure«l 
in  this  country  in  approximately  the  same  order  of  succession  that  ha^ 
been  deteniiined  by  Lahusen  for  the  Russian  forms,  though  if,  as  wi* 
believ(»,  all  the  Knoxville  beds  are  Cretaceous,  they  persisted  longer  here, 
and  each  stage  of  development  was  considerably  later.  I^husdn  statt*:* 
that  in  Russia  all  the  slender  elongate  species  like  Aucella  tnosquernfis  are 
confined  to  the  Jurassic,  beginning  with  the  striated  A,  bronni  in  the 
beds  with  Cardioceran  alt^rnans. 

Other  Knoxrille  Fossils. — The  brief  lists  of  fossils  from  the  Bald  Hills 
region  already  given  are  sufficient  to  show  the  intimate  connection  of 
the  upper  Aucella  beds  with  the  Horsetown.     Other  localities  in  the 


*  Paleontology  of  Cnlifornia,  vol.  ii,  pi.  32,  tign.  U2a,  b,  c. 

f  Fischer  de  Waldheim  in  Oryctographie  tie  Mosoou  first  described  and  figured  such  fornm*  un«l»'r 
the  name  Inoceramua  eonecntrieus,  Parkinson.  Subsequent  authors,  fiuding  that  Fisch«»r'9  spt^*!- 
meuB  belonsced  to  a  different  gen uh,  jus  well  as  a  different  Hpecies,  have  quoted  them  9S  Aureiia 
eoncentrica,  Fischer,  a  practice  that  is  unjust  us  well  as  confusing.  Lahusen  has  proposed  the  nuine 
A.  piriformis  for  the  same  specimens. 
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upper  part  of  the  beds,  with  Ancella  crcissicnllis  in  the  same  neighborhood, 
have  yielded  the  same  forms  of  Aitcella  with  Anwionites  (^Olcostephamis), 
sp.  b,  related  to  Olcosiephanm  dkcofalcatus,  Lahusen ;  Amvionites  (Hoplites). 
.sp.  a,  related  to  Hoplites  ambligonias,  Neumayr  and  Uhlig;  Belemniies 
ftnpreifsfffi,  Gabb  ;  Leda,  Aatarte,  Pentacrinm,  etcetera. 

The  most  northerly  locality  in  the  Sacramento  valley  at  which  Ancella 
hari  been  found  is  near  Stephenson's,  on  the  Cold  fork  of  Cottonwood 
creek.  The  horizon  is  probably  very  near  that  of  the  places  just  men- 
tioned, and  Ancella  cramcollis  is  here  associated  with  Belemnites  impressus 
and  species  of  Pentaciinus,  Rhynchonella,  Ostrea,  Lima,  Nemodoriy  Leda, 
Trigojiia,  Opis,  AsUirte,  Corbnla,  Ilelcion,  Pleuroinmaria  and  others,  none  of 
which  can  be  positively  identified  with  described  species,  though  forms 
closely  related  to  several  of  them  occur  in  the  Horsetown  beds. 

Ix)wer  in  tlie  Knoxville  beds  Aucell^e  occur  at  many  horizons  almost 
everywhere,  but  other  fossils  have  been  found  associated  with  them  at 
only  a  few  places.  On  McCarty  creek,  a  short  distance  north  of  Paskenta,  ^ 
about  1,000  feet  below  the  top  of  the  Aucella  beds  specimens  of  Ammirnites 
{Desmocejyia),  sp.,  related  to  Desinoceras  brewer i  and  Ammonites  (Hoplites)^ 
sp.  b,  were  found  associated  with  Aucelia  crassicolUs. 

In  the  same  neighborhood,  probablymore  than  2,000  feet  lower,  there 
is  a  small  limestone  that  has  yielded  a  number  of  species,  including  the 
following. 

^ittrellapif}chiif  Gahh;  abundant.  Turbo, 

Awella  piorh'n ^  Cxabl),  var.  omUi ;  raiti.  Chrmnitzia  (?) 

Xtff'iila.  AmtiKfniU'H  Hp. 

<  Ujpriim,  Belemnitfit.  y" 

RhfuvlwtieUa. 

On  the  South  fork  of  Elder  creek,  near  Cooper's,  at  nearly  the  same 
horizon  as  the  last  locality,  several  species  have  l)een  collected,  as  follows : 

Ancella piocldif  Gabb;  very  abundant. 

A  ur^Ua  plochiif  Gabb,  var.  orata  ;  rather  rare. 

Afiitnrmitea  {HopUtea)  sp.  c;  related  to  Hoplite»  sp.  a. 

Ammonites  {Lytoceras)  hUeaij  Trask  (?)    Mere  fragments  with  tlie  fibrin  of  this  species. 

Amrtwnitesep.    Same  as  the  ammonites  from  last-mentioned  locality,  havinjr  the 

fonn  o(  Amnionileji  (PhjUocernHf)  ra/«o«»M,  Meek. 
Bi'U'nmii^H  sp.;  fragments. 

A  few  hundred  feet  higher  in  the  same  section,  where  Ancella  piochii. 
var.  ovata,  is  the  predominant  form,  several  imperfect  specimens  of  an 
Ammonites  {PerisphincteH)  were  collected,  and  at  a  still  higher  horizon, 
where  Aiccella  piochii,  var.  ovaia,  is  very  abundant,  a  few  small  specimens 
of  Aucella  crassieollis  occur  with  a  slender  undcscribed  species  of  Helem- 
nites.  In  addition  to  those  mentioned,  two  other  species  of  Hoplites  are 
known  from  the  Knoxville  beds. 
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These  notes  will  serve  to  show  that  the  Knoxville  fauna  is  clost-ly 
connected  in  its  later  portions  with  the  succeeding  Horsetown  fauna,  and 
that  we  have  no  evidence  of  any  faunal  break  within  it,  though  there  ir 
a  progressive  change  in  the  forms  from  the  lower  portions  to  the  t<»i». 
Of  the  Cephalopoda  at  least  four  si)ecies  (Lytoceras  bcUesi,  OlcoM^phno*^* 
sp.,  Crioceras  latus,  and  Belemnltes  impressuji)  pass  up  into  the  overly irn; 
Horsetown  beds,  and  two  other  Horsetown  species  (Desntocerajf  hreion 
and  Phylloceras  (?)  ramosu^)  are  represented  in  the  Knoxville  by  frag- 
mentary specimens  that  belong  to  the  same  or  closely  allied  spetit^. 
The  other  Knoxville  ammonites,  consisting  chiefly  of  HopUteA^  seem  tn 
be  most  closely  related  to  Neocomian  species,  though  several  of  them 
are  comparable  with  European  Upper  Jurassic  (Tithonian)  forms.  A 
few  of  the  species  belonging  to  other  classes  seem  to  have  Jurassic  atfini- 
ties,  80  it  is  probable  that  the  oldest  Cretaceous  is  represented  in  the 
Knoxville.  The  undoubted  Cretaceous  age  of  the  upper  part  of  thir* 
division  and  its  evident  unbroken  continuity  make  it  most  natural  and 
reasonable  to  assign  the  whole  of  it  to  the  Cretaceous  system.  Compare*! 
with  the  fauna  of  the  Marii)osa  beds,  Avhich  is  of  late  Jurassic  age  ac- 
cording to  the  recent  investigations  of  Professors  Hyatt  and  Smith,  it 
seems  to  be  totally  distinct,  excepting  that  the  genus  Aucella  is  present 
in  both.    * 

A  paper  in  preparation  will  contain  descriptions  and  illustrations  of 
all  the  known  species  from  the  Knoxville  beds,  and  more  definite  com- 
parisons and  correlation  will  there  be  attempted. 

Flora  of  the  Series. 

During  the  last  field  season  a  number  of  fossil  plants  were  collected  in 
Tehama  and  Shasta  counties  of  California,  chiefly  from  the  Horsetown 
beds.  They  were  referred  for  study  to  Professor  W.  M.  Fontaine,  who 
has  identified  the  species  given  in  the  following  list: 

LocHlity. 

CUuiophlebls  indinata  (?)  d. 

(hmuiida  dicksonimdes  (?)  '/. 

Anffiopteridium  iftrictinenr  (?)  </. 

"               nerw»um  (?)  '/. 

.Upidhim  dunh'ri  (?)  */. 

* '         lieierophyllum,  d 

A^pleniopter'u^  pimialijida  (?)  J. 

Tkinnfeldm  txiriabUk  (?)  </. 
LHoonUrn  buchianuf(f\&T.  anguifiifoliuji.  /, »/. 

Abiedtc^  aiu;iufticarpfi9.  h. 

SagenopterU  laii folia.  i. 

Ahietiten  cidiformcns,  n.  sp.  •        j. 

I  )U  ton  ilex  dnnkerifutna.  j. 


Locality. 

Sugenopteris  inaiiteUi. 

a. 

Pterophyllum  r(difornicn  m , 

n.  sp. 

a. 

A  ngiopteridi  uni  (xi  n  m  oretufe 

(?) 

Kd 

,  *'- 

QephidotoxopHiH  magn  ifolia 

(?) 

b. 

Glosaoza m Uen  klipHO^ini. 

K 

d. 

AM^Uea  (?) 

r. 

DiooniieiK  buchkmm^  var.  mrinerviM  (?) 

r. 

E(piiMum  te.tenHe  (?) 

r. 

Pecopt^rw  krictirierrii*  (?) 

d. 

Thyrsopteris  rarinerrh  (?) 

d. 

Nageiopsis  hngifo/in  (?) 

d. 

S(tgeiiopteriH^  8 p.  (?) 

d. 

OphdotajopHiH^  np.  (?) 

d. 
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The  localities  from  which  tlie  plants  were  collected  are  as  follows : 

fi.  Tehama  county,  Bald  hills,  ea«t  of  Wilcox's  ranch,  top  of  the  Knoxville  l>ed8. 

h.        **  '*       Bald  hills,  near  Wilcox's  ranch,  base  of  the  Horeetown  beds. 

f.        **  **       near  the  school-house  southwest  of  Lowreys,  upper  portion  of 

Knoxville  lieds. 

'/.        "  *'        north  fork  of  Elder  creek,  above  AVoody's  ranch,  up{)er  por- 

tion of  Knoxville  beds. 

f.  "  "       Cold  fork,  near  Stephenson's,  upper  portion  of  Knoxville  beds. 
/.  Shastii         "       Byron  j:ulch,  west  of  Ono,  near  base  of  Horsetown  beds. 

g.  "  "        Byron  gulch,  near  Ono,  lower  portion  of  Horsetown  beds. 

/i.      "  **       north  fork  of  Cottonwood  creek,  below  mouth  of  Eagle  creek, 

middle  ix)rtion  of  Horsetown  lx?<ls. 
I.       **  *'       Eagle  creek,  near  Ono,  lower  portion  of  Horsetown  beds. 

j.       *'  **       one  and  a  half  miles  northeast  of  Horsetown,  upper  part  of 

Horsetown  beds. 

Professor  Fontaine  remarks  that — 

**  Wliatever  may  be  thought  of  the  value  of  the  preceding  identifications,  it  is  at 
leiii^t  clear  that  we  have  in  these  twenty-six  plants  different  forms.  All  have  their 
nearest  relations  in  I^jwer  Cretaceous  forms,  and  there  is  no  plant  that  would  indi- 
rate  an  age  different  from  Lower  Cretaceous.  This  alone  is  strong  evidence  of  the 
a<r«^^  of  the  strata,  and  it  is  i)erliaps  a  better  indication  than  would  be  identical 
sjx*cies,  if  few  in  number  and  not  of  well  marked  character. 

**  But  there  are  some  of  the  i)lants  that  are  well  enough  preserved  and  of  suffi- 
i'ieiitly  decided  character  to  permit  us  to  gain  some  positive  proof  of  age.  These 
are  SagenopkriM  mantel lij  AbietUes angusticarpm,  DioonUen  buchiarmSf  var.  angustifolius ; 
DioouUes  dunkeriamut^  AHpidinm  hHerophylliua — five  out  of  twenty-six.  Then,  Ptero- 
phyllam  californicum  and  Ahietiks  raiifornicuH  are  so  much  like  Lower  Cretaceous 
species  that  they  are  in  fact  representative  of  them.  There  can  be  no  hesitation  in 
regarding  the  plants  collected  from  the  Shasta  group  as  being  of  Lower  Creta- 
ciHHisagt^" 

The  plants  -to  which  the  above  statements  refer  were  collected  from 
various  horizons  ranging  through  nearly  8,000  feet  of  strata  from  within 
the  upper  portion  of  the  Knoxville  to  nearly  the  .top  of  the  Horsetown 
l>eds  and  include  none  which  are  dicotyledonous..  The  only  dicoty- 
ledonous plant  in  our  collections  came  from  the  lower  portion  of  the 
Chico  beds  on  Elder  creek,  where  a  single  specimen  was  obtained. 

Unity  of  the  Skriks. 

The  three  sections  of  the  Shasta-Chico  series  already  given  show  con- 
clusively that  there  is  complete  continuity  from  the  bottom  of  the  Knox- 
ville to  the  top  of  the  Chico.     The  stratii,  where  all  are  well  exposed  in 

LXIII-BuLL.  Geol.  So€   Am.,  Vol.  r,,  1893. 
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tho  same  section,  are  conformable  throughout*  and  the  character  of  th 
sediments  is  also  the  same.  There  can  be  no  further  doubt  concerni-i- 
the  continuity  of  life  throughout  the  series.  Several  successive  fauna- 
are  recognizable,  but  they  are  all  closely  bound  together  by  many  C'ln- 
mingling  species.  The  Shasta-Chico  series,  including  the  Wallala  In  ■-. 
may  therefore  be  considered  as  a  unit  in  discussing  the  geology  of  tin 
Pacific  coast. 

There  is,  however,  one  other  argument  for  its  unity  to  which  it  i?  d*- 
sired  to  call  attention.  On  the  eastern  side  of  the  Sacramento  valley  thr 
Chico  beds  rest  with  a  conspicuous  unconformity  directly  on  the  metn- 
morphic  rocks  of  the  auriferous  series.  About  the  northern  end  of  th» 
Sacramento  valley  the  same  is  true,  but  as  we  move  south  westward  fnmi 
Redding,  along  the  foot  of  the  Klamath  mountains  and  Coast  range,  we 
find  successively  older  and  older  beds  coming  in  below  and  resting  wixli 
this  marked  unconformity  on  the  metamorphic  rocks.  At  Texas  sprinL'- 
and  Horsetown  this  great  unconformity  runs  beneath  the  Horsetowii 
beds.  Farther  south,  on  Cold  fork  and  elsewhere,  the  same  great  uncon- 
formity runs  beneath  the  Knoxville  beds,  so  that  the  Chico,  Horsetown 
and  Knoxville  beds  all  hold  exactly  the  same  relation  to  the  great  uncon- 
formity of  that  region,  and  thus  furnish  additional  evidence  that  thty 
belong  to  the  same  series. 

Distribution  of  thk  Skrtes. 

The  unity  of  the  Shasta-Chico  series  being  admitted  from  the  evident 
already  adduced,  several  consequences  of  importance  follow  from  the 
vertical  and  horizontal  distribution  of  the  series. 

An  examination  of  these  deposits  in  the  field  shows  clearly  that  liie 
Horsetown  beds  overlap  the  Knoxville  northward  along  the  western  side 
of  the  Sacramento  valley,  and  the  Chico  beds  in  like  manner  overlap  the 
Horsetown  in  the  same  direction,  so  as  to  rea9h  not  only  the  western 
base  of  the  Sierra  Nevada,  but  extend  northeastward  between  the  Sierra 
Nevada  and  Klamath  mountains  far  into  Oregon,  connecting,  in  all 
probability,  with  the  Chico  of  the  Blue  mountains  in  that  state,  as  well 
as  with  that  of  Washington,  Vancouver  and  Queen  Charlotte  islands. 

In  Oregon  also,  tls  already  noted  in  California,  the  Horsetown  heih 
overlap  the  Knoxville,  well  exjiosed  in  the  vicinity  of  Riddles,  in  Douglas 
county,  and  extend  as  far  southeastward  as  Graves  creek,  where  theyre-t 

•  Mr  Fairlmnks  recognisses*  a  Mnall  unconformity  Iwtween  the  Knoxville  and  Chico  l>edt»,  diif  t" 
the  eruption  of  the  poridotitic  rocks  from  wJiieh  thf  serpentine  lins  been  derived  (Eleventh  R«'- 
port  Stftte  Mineralogist  of  Crtlifornia,  p.  67;  also  American  Geologist.  Mnrch.  1892,  p.  106) ;  bill  the 
great  unconformity  which  Dr  Becker  (U.  S.  <?eol.  Survey,  Bulletin  no.  10,  p.  12)  pljiees  hi  (Iii«  hori- 
zon belongs  lielow  the  Knoxville. 
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directly  and  with  a  marked  unconformity  on  the  metamorphic  rocks. 
!«  like  manner  the  Chico  extends  beyond  the  Horsetown  in  Oregon,  for 
jit  Jacksonville  and  Ashland,  southeast  of  the  Horsetown  locality  on 
^  ^  raves  creek,  we  find  the  Chico  beds  resting  with  a  conspicuous  uncon- 
forinity  directly  on  the  metamorphic  rocks.  This  overlapping  to  the 
m.>rtheast  in  California  and  southeast  in  Oregon  finally  resulted  during 
the  Chico  epoch  in  connecting  the  two  areas  through  Tjassen  strait,*  which 
separated  the  Klamath  mountains  from  the  Sierra  Nevada. 

To  the  southward  the  Shasta-Chico  series  has  been  identified  by 
Tvirner,t  Lindgren,t  White,§  Fairbanks,||  and  Dall^f  in  the  Coastal  region 
i\2i«  far  as  Todos  Santos  bay  of  Lower  California.  Emmons**  and  Merrill 
bave  re<*.ognized  it  as  far  south  as  29^  3(y,  and  believe  it  extends  still 
further  in  the  same  direction. 

Deformations. 
subsidence  durinu  the  shasta-chico  epoch. 

On  the  aecorapasiying  map  are  indicated  the  coast  lines  at  the  close  of 
the  Horsetown  and  Chico  epochs.  The  Knoxville  coast  has  been  traced 
both  in  Oregon  and  northern  California  to  but  a  limited  extent.  The 
same  is  true  also  of  the  Horsetown  shoreline,  which  lay  only  a  short  dis- 
tance farther  inland,  but  during  the  Chico  epoch  the  invasion  of  the  sea 
reached  its  maximum  and  extended  far  inland,  as  indicated  by  the  posi- 
tion of  the  coast  line  at  the  close  of  that  time.  This  successive  over- 
lap]>ing  landward  of  the  newer  and  newer  beds  of  the  Cretaceous  system 
shows  that  during  the  period  of  deposition  of  the  Shasta-Chico  series  the 
continent  was  subsiding  and  the  sea  transgressing. 

Dr  Dawson  it  has  shown  from  observations  in  British  Columbia  that  a 
rtiniilar  movement  was  in  progress  at  the  same  time  in  that  country. 
The  sea  was  transgres^sing  to  the  southward  in  the  Puget  Sound  region 
(luring  the  Chico,  and  the  concomiUmt  subsidence  was  undoubtedly  con- 
nected with  that  great  invasion,  wliich  reached  as  far  eastward  as  the 
Blue  mountains,  in  Oregon. 

To  the  south,  as  in  the  north  also,  tlie  sea  was  evidently  transgressing. 
From  Tehama  county,  in  California,  the  Knoxville,  Horsetown  and  Shasta 
beds  may  be  traced  southward  through  Colusa,  Napa  and  other  counties 

*  U.  S.  Geol.  Survey,  Eighth  Ann.  Rep.,  p.  412. 

fThe  American  (ieoloxint.  May,  1893,  pp.  :t07-32-l. 
/|Proc.  Cftl.  AcHri.  8ei.,2'l  ser..  vol.  i,  pp.  180-182. 
•jfU.  S.  Geol.  Survey,  Bulletins  22  nnd  82.- 

I  Am.  Jour.  Set.,  vol.  xlv,  pp.  475-477,  June.  1893. 
5  Bull.  Geol.  Sor.  Am.,  vol.  4,  p.  207. 

♦•Bull.  Geol,  Soc.  Am.,  this  vol..  post. 

^4t  Trans.  Roy.  Soc.  of  Ctinnfln,  vol.  viii,  sec.  iv,  1890,  pp.  3-75. 
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—  =,  shoreline  at  clot»c  of  the    Horsetown 

epoch. 
- —  shoreline  at  close  of  the  riiioo  opoeJi. 

Figure  l.—Map  showing  approximatchi  the  Coast- 
lines  at  Close  of  Horsctown  artd  Chico  epochs. 


ill  the  central  portion  of  the  stat<.-- 
Tliere  is  evidence  of  the  presen* » 
of  the  Horsetown  beds  at  Beniciu. 
for  at  that  point  Ammonites  bcdr^'tl 
which  is  one  of  the  characteri^ti- 
fossily  of  the  lower  {wrtion    of  th*' 
Horsetown  l)ed8,  has  been    found. 
The  Knoxville  beds  evidently  ex- 
tend farther  to  the  southward,  evrn 
as  far  southward  as  San  Luis  Obispi », 
where  Mr  Turner*  has  found  *4>'- 
cella,  but  they  do   not  appear   U* 
reach    the    Santa    Ana    range    of 
southern  California,  where  Mr  Fair- 
banks f  reports  that  the  Upper  Cre- 
taceous   rests    u  neon  form  ably     on 
the  in etarn Orphic  rocks,  in  which. 
according  to  him,  fossils,  probably 
Carboniferous,   have    been    found. 
Farther  southward  only  Chico  f*x<- 
sils  have  been  found,  as  far  as  yet 
definitely  known,  extending  in  that 
direction  through  I^ower  California 
to  near  the  29th  parallel  and  per- 
haps even  farther.     There  ia  evi- 
dence in   this  distribution  of  the 
Knoxville,  Horsetown  and    Chico 
beds  to   the  southeastward  along 
the  coast  of   southern    California 
that  the  continent  Avas  subsiding 
in  that  direction,  as  it  was  to  the 
northward,  at  least  as  far  a^  Quoen 
Charlotte  islands. 

The  varying  thickness  of  the 
formations  furnishes  corroborative 
evidence.  The  Knoxville,  Horse- 
town and  Chico  beds  all  diminish 
in  thickness  to  the  northward  from 
Elder  creek ;    the  Knoxville  from 


*U.  S.  Geol.  Survey,  Monograph  xiii,  p.  .'Wl. 

t  Am.  Jour.  Sci.,  vol.  xlv,  p.  478.  Fairbunks  suRKCHts  that,  althoiiKh  no  lower  Cretaceous  has  y*»t 
been  roeognized  in  southern  California,  certain  local  fossiiiferous  beds  on  the  summit  of  theCarrejo 
mountains,  70  miles  east  of  San  Diego,  may  be  of  that  age. 
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11  e*arly  20,000  to  10,000  feet  (estimated)  on  Cold  fork ;  the  Horsetown  from 
B,100  to  5,200  feet,  and  the  Chico  from  nearly  4,000  to  about  3,600  feet  on 
the  north  fork  of  Cottonwood  creek.  The  thinning  out  is  due  to  the  fact 
tlia-t  the  newer  beds  overlap  to  the  northward  and  eastward,  and  it  is  evi- 
clont  that  all  the  members  of  the  Shasta-Chico  series  thin  out  to  an  edge 
1x>^vard  the  Cretaceous  land.  This  relation  clearly  indicates  subsidence 
of  the  land  and  transgression  of  the  sea. 

To  the  south Avard  also  the  Chico  seems  to  be  thinning,  for  in  the  region 
of  San  Diego,  according  to  Mr  Fairbanks,  the  Chico  beds  containing 
Ofrralliochama  orcutti,  which  belongs  to  the  very  basal  portion  of  the  Chico, 
is  conformably  overlain  by  Eocene  containing  characteristic  fossils  of 
tliat  horizon,  and  the  two  appear  to  be  only  1,200  feet  in  estimated  verti- 
cal distance  apart.*  The  thickness  of  the  Chico  in  that  region  therefore 
ma.y  not  be  greater  than  1 ,200  feet,  and  if  so,  its  thickness  must  have 
•greatly  diminished  to  the  southward. 

COAST  RANOE    UPLIFT  AT  CLOSE  OF  THE  JURASSIC. 

Several  years  ago  Mr  H.  W.  Fairbanks  t  maintained  the  pre-Cretaceous 
a«^e  of  the  metamorphic  rocks  of  the  Coast  range  in  California,  and  that 
the  Coast  range  with  the  Sierra  Nevada  was  upheaved  at  the  close  of  the 
Jurassic. 

There  is  evidence  favoring  the  same  conclusion,  in  that  the  thickness 
of  the  Shasta-Chico  series  diminishes  westward  :from  the  Sacramento 
valley  into  the  Coast  range,  as  it  does  eastward  to  the  base  of  the  Sierra 
Nevada.  Along  the  coast  north  of  San  Francisco,  in  the  Wallala  region, 
according  to  Becker,J  the  Chico  (Wallala)  beds,  some  thousands  of  feet 
in  thickne8s,§  rest  unconformably  upon  the  metamorphic  rocks.  Mr 
Turner  has  studied  the  same  region,  and  regards  the  Chico  at  that  place 
a^  iinconfonnable  not  only  upon  the  ser})entine,  of  which  the  conglom- 
erate (Chico)  is  said  to  contain  pebbles,  but  also  upon  the  silicious  slates 
and  other  pre-Cretaceous  metamorphic  rocks  of  the  Coast  range.  The 
relation  here  is  probably  the  same  as  it  is  upon  the  northern  border  of 
the  Sacramento  valley,  where  Coralliochama  orcutti  occurs  in  the  Chico 
beds,  which  rest  with  conspicuous  unconformity  upon  the  metamorphics. 
Wherever  the  Chico  beds  overlap  the  Horsetown  their  basal  portion  con- 
taining the  fossils  of  the  horizon  exposed  near  Wallala  must  come 
directly  and  unconforn^ably  in  contact  with  the  older  metamorphic  rocks. 

The  thinning  out  of  the  Shasta-Chico  series  westward  from  the  Sacra- 
mento valley  shows  that  the  Coast  range  was  uplifted  at  the  close  of  the 

*  Am.  Jour.  Sci.,  vol.  xlv,  p.  470,  June,  1893. 
t  American  Geologist,  March,  1892,  and  February,  189.3. 
tU.  S.  Geol.  Survey,  Monograph  xiii,  pp.  191, 194. 
g  White  :  U.  S.  Geol.  Survey,  Bulletin  no.  22,  p.  7. 
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Jurassic,  when  the  Sierra  Nevada  received  its  final  folding  and  the  gTvM 
valley  of  California  was  outlined  thereby.  It  cannot  yet  be  definitely 
concluded  that  the  Coast  range  and  the  Sacramento  valley  originated  at 
the  close  of  the  Jurassic;  their  beginnings  may  date  from  earlier  foldings- 
but  whatever  the  date  of  inception,  it  is  evident  that  during  the  Shasta- 
Chico  period  the  Coast  range  existed,  but  did  not  furnish  sufficient 
ob.struction  to  keep  the  open  sea  out  of  the  Sacfamento  valley,  for  tin- 
fossils  of  that  period  are  everywhere  purely  marine.  That  a  Coast  ranj:*? 
island  continued  in  the  Wallala  region  until  the  close  of  the  Horset<:>wn 
epoch  is  indicated  by  the  absence  of  the  Shasta  portion  of  the  series  at 
that  point.  Further  northward,  however,  the  waters  of  the  Horsetown 
epoch  crossed  between  Bully  Choop  and  Yallo  Bally,  which  is  now  the 
principal  divide  west  of  the  Sacramento  valley,  and  connected  directly 
with  the  open  sea  possibly  in  such  a  way  as  to  separate  the  island  of  thi- 
Wallala  region  from  that  of  the  Klamath  mountains. 

Since  the  above  was  written  a  brief  but  important  paper  has  been 
published  by  J.  P.  Smith,*  who  concludes  from  new  faunal  evidence 
that "  the  Mariposa  slates  are  of  Upper  Jurassic  age,"  and  that  "  th** 
uplift  and  metamorphism  of  the  Sierra  Nevada  and  of  the  Coast  range 
occurred  in  late  Jurassic  time,  before  the  deposition  of  the  Cretaceous.'* 

SUBSIDENCE  OF  THE  SACRAMENTO  VALLEY. 

The  large  extent  of  this  subsidence,  from  Alaska  on  the  north  to  Lower 
California  on  the  south,  makes  it  an  epeirogenic  movement.  There  i^ 
o^dence,  however,  that  the  movement,  although  epeirogenic,  was  not 
unifonn  throughout  the  whole  area. 

In  the  accompanying  ideal  section  there  are  represented  the  general 
observations  made  on  Elder  creek,  Cold  fork  and  North  fork  of  the 
Cottonwood,  a,s  well  as  those  on  the  eastern  side  of  the  Sacramento  valley 
and  at  the  western  foot  of  the  Coast  range  along  the  coast  at  Wallala. 
and  it  appears  that  the  subsidence  was  greater  in  the  Sacramento  valley 
than  in  the  region  of  the  Coast  range  and  Sierra  Nevada. 

At  the  time  tlie  basal  portion  of  the  Knoxville  beds  was  depositeil  the 
water  was  shallow,  for  there  are  numerous  local  conglomerates  and  sand- 
stones, some  of  which  are  ripple-marked.  If  the  subsidence  was  uniform 
throughout  the  whole  region  it  follows  that  what  is  now  the  western  foot 
of  the  Sierra  Nevada,  as  well  as  the  corresponding  portion  of  the  Co:Lst 
range,  where  in  both  cases  the  Chico  rests  directly  upon  the  folded  pre- 
Cretaceous  rocks,  must  have  been  at  an  elevation  of  over  25,000  feet  alxivi* 
the  sea  when  the  basal  portion  of  the  Knoxville  was  deposited  in  thr 


•  "Age  of  the  Auriferous  Slates  of  the  Sierru  Nevadii."    Bull.  Geol.  Soc.  Am.,  vol.  5,  pp.  257,  258. 
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Sacramento  valley.  This  hardly  seems  possible, 
for  we  know  of  no  such  enormous  mountains  in 
the  country  today.  It  seems  much  more  probable 
that  the  subsidence  was  not  uniform.  The  Sacra- 
mento valley,  which  then  undoubtedly  existed, 
flanked  by  the  Sierra  Nevada  on  one  side  and  the 
Coast  range  on  the  other,  was  a  region  receiving  a 
tremendous  load  of  sediments  from  the  moun- 
tains on  both  sides.  In  accordance  with  the 
isostatic  condition  of  the  earth's  crust,  it  would 
be  expected  that  the  loading  region — that  is,  the 
Sacramento  valley — would  sink,  while  the  un- 
loading regicm — that  is,  the  Sierra  Nevada  and 
the  Coast  range — would  gently  rise,  and  in  this 
way  the  enormous  difference  of  elevation  at  the 
close  of  the  Shasta-Chico  period  would  easily  be 
accounted  for  by  supposing  a  much  smaller  origi- 
nal difference  at  the  beginning  of  that  period. 

Relation  of  Knoxville  and  Mahiposa  Beds. 


O     > 


U'i'! 


The  Mariposa  beds,  as  shown  by  Whitney  and 
others,  are  sometimes  metamorphosed  and  in- 
folded with  the  Auriferous  slates,  which  arc  un- 
conformably  overlain  along  the  western  base  of  the 
Sierra  Nevada  by  the  Chico  beds.  Although  the 
Chico  beds  have  not  yet  })een  found  in  contact 
with  the  fossiliferous  ])ortion  of  the  Mariposa  beds, 
their  relation  is  such  between  Folsom  and  Mari- 
posa that,  according  to  Becker,*  Turner  and 
Lindgren,  there  is  no  reason  to  doubt  their 
unconformity.  This  unconformity,  as  already 
stated,  can  be  traced  around  the  northern  end  of 
the  Sacramento  valley  and  along  its  western 
border,  where  it  passes  successively  beneath  the 
Horsetown  and  Knoxville  beds.  The  Mariposa 
and  Knoxville  beds,  so  far  as  yet  known,  occur 
nowhere  u])(>n  opposite  sides  of  the  great  valley 
within  30  miles  of  each  other.  There  is  good 
reason  to  })elieve,  however,  from  their  relation  to 

*  V.  S.  (tool.  Survey,  Bulletin  no.  19,  p.  19. 
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the  great  unconfonnity  that  if  ever  found  in  contact  they  will  proW-1} 
not  be  conformable. 

This  view  is  supported  by  the  latest  investigation  concerning  tny»^|;' 
ontologic  relation  of  the  two  sets  of  beds.  The  Geological  Survey  of  UD- 
fornia  recognized  the  fauna  of  the  Mariposa  beds  as  Jurassic  and  di?tmit 
from  the  Cretaceous  of  the  Shasta  group  in  the  Coast  range,  althoiigh  u 
should  be  said  that  the  Aucella-bearing  portion  of  the  KnoxviUe  had  at 
that  time  yielded  very  few  fossils  other  than  Amelia  and  Bfl^mnites '/- - 
pres8ics.  . 

The  studies  of  Dr  White  led  him  to  regard  the  Aucellse  of  both  t^^ 
essentially  the  same  species.*  Dr  Becker  accordingly  made  the  Man- 
posa  beds  equivalent!  to  the  Knoxville,  and  finally  J  placed  the  p<i- 
Jurassic  (Whitney)  but  pre-Chico  upheaval  of  the  Sierra  Nevada  ano 
Coast  range  after  the  deposition  of  the  Horsetown  beds.  ^ 

The  complete  faunal  and  stratigraphic  intergradation  which,  as  we> 
have  shown,  occurs  wherever  the  Horsetown  and  Chico  beds  are  fouM 
in  contact,  precludes  the  existence  of  a  great  unconformity  between  them 
at  any  point  in  northern  California  and  renders  it  certain  that  the  gr«i 
upheaval  took  place  before  the  deposition  of  the  Shasta-Chico  series. 

Professor  Hyatt,  who  has  recently  studied  the  fauna  of  the  Uani^^ 
beds  and  compared  with  it  the  Ammonites  and  Aucellse  of  the  Knoxvil  o 
beds,  authorizes  us  to  say  that  in  his  opinion  "the  fauna  of  the  Kno.\- 
ville  beds,  on  the  one  hand,  is  decidedly  Cretaceous  and  clearly  relatin 
to  that  of  the  Horsetown  beds,  but,  on  the  other  hand,  is  entirely  distin^' 
from  that  of  the  Mariposa  beds."  i  •    ^• 

This  conclusion  corroborates  those  drawn  from  the  stratigraphic  e\i- 
dence  and  establishes  upon  a  firmer  basis  the  view  long  since  entertamtn 
by  Whitney  that  the  upheaval  and  metamori>hism  of  the  Sierra  ^e^a( 
occurred  at  the  close  of  the  Jurassic.|| 

♦  Ibid.,  Bulletin  no.  15,  p.  24. 

t  Ibid.,  Bulletin  no.  19,  p.  18. 

J  Bull.  Geol.  Soc.  Am.,  vol.  2,  p.  200. 

I  Bull.  Geol.  Soc.  Am.,  vol.  4,  pp.  207-211  and  249-257.  .  ^   ,o,..r 

I  The  Aucella  beds  of  the  Sierra  Nevada  are  confined,  as  far  as  yet  certainly  known,  w 
portion  of  the  western  slope,  and  their  general  trend  would  canrthem  "^'^^''^^^'j^^.^herr. 
valley  to  the  Klamath  mountains  and  Coast  range  just  north  of  the  40th  ?«""«'»  ^„^^, 

limit  of  the  Knoxville  beds  in  California  is  known  to  occur.    The  Auceria  oeas  a  j;|,,,, 

in  contact  with  the  Taylorville  Jura^.ic,  which  occurs  not  only  upon  the  "o^hern  enao^  ^^^^  ^^  ^^ 
Nevada,  but  also  well  developed  in  the  Pit  river  region  of  Shasta  ^'^"»  f '5*',  ^^ni,  rol.  I f 
southwestern  Nevada  and  the  Blue  mounUins  of  eastern  ^J^^'lr  .^^""^^ 
221 ;  also  vol.  5.  p.  400),  There  may  have  been  an  upheaval  of  "^^^fJ^T^/^Tr,^  ^^re  limlf^J '" 
immediately  after  the  deposition  of  the  Taylorville  Jurassic  by  which  »»*  ^"^  not  ^comp*"'"^ 
the  western  part  of  that  range,  but  the  change  of  level  may  hav«  been  gentle  and  not  ^  P- 
by  folding  and  metamorphosing  of  the  involved  strata. 


KKVIEW   OF   DATl    DETERMINING    TIME   RANGE.  4o9 

Time  Range  of  the  Series. 

The  recent  investigations  of  Hyatt  and  Smith  already  referred  to 
ii-ssign  the  Mariposa  beds  to  late,  though  not  the  latest,  Jurassic,  while 
the  paleontologic  evidence  we  have  given  indicates  that  the  Knoxville 
includes  the  earliest  Cretaceous  deposits.  It  is  evident  from  the  faunal 
relations  of  these  two  formations  that  their  epochs  of  deposition  were  not 
.separated  by  a  long  time  interval,  but  it  apj)ears  that  during  this  interval 
the  upturning  of  the  Mariposa  beds  occurred,  and 'some  time  must  have 
elapsed. 

The  deposition  of  that  series  continued  without  a  general  interruption 
from  the  beginning  of  the  Knoxville  to  the  close  of  the  Chico,  and  the 
time  represented  by  the  30,000  feet  of  strata  which  accumulated  during 
that  interval  must  necessarily  be  long. 

The  Ammonites  of  the  upper  part  of  the  Horsetown  to  which  reference 
was  made  in  the  note  on  the  fauna  are  either  identical  with  or  closely 
related  to  forms  which  in  Euroi)e  are  characteristic  of  the  upper  Gault 
and  lowest  Cenomanian.  Ammonites  iiiflatufi,  especially,  is  there  regarded 
as  the  characteristic  fossil  of  a  zone  that  is  now  placed  at  the  base  of  the 
Cenomanian.  The  other  invertebrate  fossils  from  these  beds  do  not  con- 
flict with  this  evidence*  of  the  Ammonites,  and  it  is  therefore  safe  to  say 
that  the  Knoxville  and  Horsetown  together  represent  all  of  the  Lower 
Cretaceous — that  is,  everything  from  the  Wealden  and  Neocomian  to  the 
(iault,  inclusive,  with  perhaps  a  small  portion  of  the  Upper  Cretaceous. 
It  is  somewhat  more  difficult  to  fix  the  time  range  of  the  Chico.  Its 
basal  portions  must  have  been  deposited  early  in  Upper  Cretaceous  time, 
but  the  time  of  its  close  is  more  uncertain.  Its  large  and  varied  littoral 
fauna,  with  a  few  Ammonites,  seems  to  have  no  species  in  common  with 
the  American  Cretaceous  faunas  east  of  the  Sierra  Nevada,  though  it  is 
true  that  several  genera  are  represented  in  the  Montana  and  Ripley 
formations  (of  Senonian  age)  by  similar  s])ecies ;  but  the  known  American 
faunas  corresponding  to  the  European  Cenomanian  and  Turonian  are 
comparatively  small  and  do  not  offer  much  Imsis  for  comparison.  As  an 
exception  to  this  general  statement  we  may  cite  a  recently  discovered 
littoral  facies  of  the  Fort  Henton  fauna,  locally  developed  in  southern 


*  Professor  Fortaine's  study  of  the  nrnall  collection  of  plants  taken  from  several  horizons  ranging 
from  within  the  Knoxville  to  near  tlie  top  of  the  Horsetown  .shows  that  they  are  all  related  to  forms 
in  the  floras  of  the  Wealdon,  the  Trinity  and  tho  Potomac,  all  of  which  he  regards  as  oldest  Cre- 
tareoiis.  The  testimony  of  the  invertel)rates  agrees  with  this  in  a  general  way,  excepting  that 
tliey  show  a  later  age  for  the  upper  part  of  the  seriop.  In  such  comparisons  it  is  well  to  remember 
that  the  known  plant-bearing  beds  do  not  form  as  complete  and  continuous  a  standard  series  as  is 
furnished  by  those  containing  marine  invert<*brates,  and  for  ihis  reason  correlations  made  on  the 
evidence  of  plants  alone  are  frequently  not  as  definite  as  may  be  made  by  the  Ammonites,  for 
example. 

LlW—Bvuh.  Gkoi..  Soc   Am.,  Vol.  0,  1893. 
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Colorado,  in  which  there  are  several  species  of  both  Gasteropoda  ano 
Pelecypoda  that  are  related  to  Chico  as  well  as  to  Ripley  species.  Tlu-^- 
are  associated  with  Inoceramus  labiatus  in  beds  that  niaj'  be  correlate«i 
with  the  Turonian,  and  they  are  mentioned  here  simply  to  show  that 
man}'  of  the  Chico  types  which  have  been  compared  with  species  in 
the  Ripley  and  Montana  formations  (Senonian)  are  also  represent^l  b;- 
related  forms  in  earlier  de])osits. 

The  direct  evidence  from  the  ('hico  fossils  cannot  be  presented  fully 
at  this  tune,  as  that  wQuld  require  the  review  of  the  entire  fauna  and  tlie 
description  of  a  number  of  new  species  obtained  in  recent  collection*. 
It  is  a  significant  fact  that  the  most  abundant  Anmionites  of  the  Chi<^" 
belong  to  the  genus  Schloenbachia  (in  the  broad  sense  in  which  the  naint- 
is  used  in  Europe).  Aminonites  chicoensis,  Ammoaites  tehaviaeni<is sniil  two 
undescribed  species  l)elong  here  and  these  are  all  found  in  the  upper 
beds  of  the  Chico.  In  other  American  cretaceous  areas  this  genus  diK-s 
not  pas's  above  the  top  of  the  ('olorado  formation  and  its  equivalents,  and 
in  Europe  it  seems  not  to  occur  above  the  '*  Emscher  Mergel ''  or  lowe.-l 
Senonian.  Ammonites  turneri  which  was  found  near  Mount  Diablo  a:>s<>- 
ciated  with  Anchura  californica  and  other  lower  Chico  species  is  an  Aroti- 
tfioceras  closely  related  to  European  species  that  occur  in  the  Cenoma- 
nian.  The  other  Ammonites  known  from  these  beds  do  not  resenibb* 
those  characteristic  of  the  latest  Cretaceous.  The  two  abundant  ^pe<*ie^ 
of  Trigonia,  T.  evaimma  and  T,  leana  likewise  have  their  nearest  relativt-s 
in  the  lower  part  of  the  Upper  Cretaceous  of  Europe. 

The  occurrence  of  Inoceramus  Uibiatas  in  the  upper  shales*  (division 
A)  of  Queen  Charlotte  islands  is  also  a  suggestive  fact  in  the  samedire<-- 
tion  when  considered  in  connection  with  the  close  relationship  between 
the  Shasta  and  the  Chico,  and  consequently  between  the  Queen  Char- 
lotte "  T^wer  Shales  "  and  the  Chico.  The  equivalent  of  the  Chico  on 
Vancouver  island  has  yielded  a  considerable  flora  which  Sir  William 
Dawson*  assigns  to  the  older  part  of  the  Upper  Cretaceous,  though  lu- 
regards  it  as  later  than  the  Dakota.  He  states  that  "  there  would  seem 
to  have  been  a  geographical  separation  between  the  Pacific  coast  and 
the  plains,  as  the  latter  have  not  yet  yielded  anything  e(iuivalent  to  the 
Vancouver  flora." 

In  Oregon  the  Tejon  appears  to  overlie  unconformably  the  Shastii- 
Chico  series  under  such  conditions  as  to  suggest  that  a  considerable 
period  of  erosion  occurred  between  the  uplifting  of  that  series  and  the 
deposition  of  the  T6jon.  The  faunas  of  the  Chico  and  the  Tejon  as  de- 
veloped there  are  entirely  distinct.  The  stratigraphic  and  faunal  evi- 
dence tends  to  show  that  in  the  regions  in  which  we  have  studied  it  the 

♦  Fossil  Floras  and  Climate.     Nature,  vol.  47,  p.  567,  April,  ISft'l. 
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Cliico  does  not  represent  the  very  latest  Cretaceous  time,  perhaps  not 
later  than  the  close  of  the  Colorado  epoch,  or  the  Turonian  and  earliest 
Seiionian  of  Europe. 

For  the  present,  therefore,  the  Shasta-Chico  series  may  be  regarded  as 
representing  the  whole  of  the  T^ower  Cretaceous  and  the  earlier  half  of 
the  Upper  Cretaceous,  with  the  proviso  that  there  may  be  still  later  Cre- 
taceous beds  in  middle  California  where  the  Chico  and  T^jon  are  said 
to  be  conformable  and  their  faunas  have  been  reported  to  contain  a  num- 
ber of  common  species. 

• 

Correlation  of  the  Series. 
nanaimo  and  queen  charlotte  island  groups. 

The  earliest  recognition  of  the  Cretaceous  upon  the  western  coast  of 
North  America  was  by  F.  B.  Meek,*  who  described  some  fossils  from 
Vancouver  island.  The  paleontologists  of  the  Geological  Survey  of  Cali- 
fornia t  early  recognized  the  beds  from  which  these  fossils  came  as  Chico. 
They  contain  valuable  beds  of  coal,  and  have  received  much  attention 
from  the  members  of  the  Geological  Survey  of  Canada,  especially  from 
James  Richardson,  Dr  G.  M.  Dawson  and  J.  F.  Whiteaves.J  The  name 
Xanaimo  group  was  suggested  §  for  the  rocks  in  question,  and  the  investi- 
gations of  the  Canadian  geologists,  in  connection  with  those  of  the  United 
States  Geological  Survey  in  California,  Oregon  and  Washington,  full}' 
confirm  the  view  that  the  Cretaceous  rocks  of  the  Nanaimo  region  are 
Chico. 

The  Queen  Charlotte  Island  group,  division  C,  D  and  E  of  Dr  Dawson, 
has  been  correlated  by  Whiteaves  with  the  Shasta.  Our  investigations 
in  California  and  Oregon  have  increased  the  number  of  common  species 
and  leave  no  doubt  that  the  Horsetown,  and  probably  also  the  Knox- 
ville  portion  of  the  Shasta-Chico  series,  is  represented  in  the  Queen 
Charlotte  Island  group.  || 

POTOMAC. 

The  Kootanie  has  been  placed  by  Sir  J.  William  Dawson  ^[  on  approxi- 
mately the  same  horizon  with  Dr  G.  M.  Dawson's  subdivision  C**  of  the 
Queen  Charlotte  Island  formation.  According  to  Fontaine  ft  and  New- 
berry XX  ^^^  Kootanie  and  Great  Falls  beds  of  Montana  are  to  be  cor- 
related with  each  other  and  also  with  the  Potomac.     This  correlation, 

/•  TMnsactions  of  the  Albany  Institute,  vol.  iv,  1867,  pp.  37-49. 
tGeol.  Survey  of  California,  Paleontology,  vol  ii,  p.  xlv. 

4 The  Cretaceous  System  in  Canada:  Trans.  Koy.  Soc.  of  Canada,  for  1893,  sec.  iv,  1893,  pp*  I-lo. 
'i  Am.  Jour.  Sci.,  vol.  xzxix,  March,  1890,  pp.  180-183. 
;  isee  ante,  pp.  445,  446. 

'Trans.  Roy.  Soc.  of  Canada,  vol.  iii,  sec.  4,  p.  20. 
••  Am.  Jour.  Sci.,  vol.  xxxviii,  1889,  p.  12'A 
H-Proc.  U.  S.  Nat.  Mus.,  vol.  xv  (1892),  pp.  487-495. 
Jt  Am.  Jour.  Sci., vol.  xli,  March,  1891,  p.  193. 
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The  Shasta-Chico  series  is  composed  of  the  Knoxville,  Horsetowii  aii'i 
Chico  beds,  all  of  which  are  well  exposed  in  the  same  sections  upon  t?u 
western  border  of  the  Sacramento  valley. 

The  Knoxville,  Horsetown  and  Chico  beds  are  each  characterize*!  l-\ 
its  own  fauna.  The  faunas  of  adjacent  beds,  however,  are  so  boun«i 
together  by  many  common  species  that  there  is  no  paleontologic  lireiifc 
anywhere  within  the  series. 

The  Shasta-Chico  series  is  conformable  throughout  and  the  interiCTarf-i- 
ticmal  character  of  the  sediments,  taken  in  connection  with  the  fauna! 
continuity  of  the  series  and  its  relation  to  the  great  unconformity-  he- 
neath,  shows  that  it  is  the  result  of  continuous  deposition. 

The  attenuation  of  tHe  Shasta-Chico  series  westward  from  the  Sacra- 
mento valley  and  the  overlapping  of  the  newer  beds  upon  the  older 
crystalline  rocks  of  the  Coast  range  shows  that  the  Coast  range  wii^ 
formed  before  the  deposition  of  the  Shasta-Chico  series,  and  probably  a: 
the  close  of  the  Jurassic  when  the  Mariposa  beds  were  upturned. 

The  successive  peripheral  attenuation  of  the  lower  beds  and  the  land- 
ward overlapping  of  the  upper  ones  shows  that  the  Pacific  coast  from 
Alaska  to  Mexico  was  subsiding  and  the  sea  transgressing. 

The  subsidence  was  probably  not  uniform  throughout  the  whole  rt»- 
gion.  The  deposition  of  30,000  feet  of  sediments  in  the  Sacrament^ 
valley  under  shallow-water  conditions  apparently  indicates  a  greater 
subsidence  in  that  region  than  for  the  mountains  from  which  the  sedi- 
ments were  derived. 

The  Mariposa  and  Knoxville  beds  are  faunally  distinct  and  uncon- 
formable.    The  former  is  Jurassic  and  the  latter  Cretaceous. 

The  final  folding  of  the  Sierra  Nevada  rocks  and  an  uplifting  of  th(' 
range  occurred  at  the  close  of  the  Jurassic. 

The  Shasta-Chico  series  represents  the  Cretaceous  time  from  the  l>e- 
ginning  of  the  T^wer  Cretaceous  to  the  middle  of  the  Upper  Cretacet^us. 
and  it  may  be  closely  correlated  with  the  Queen  Charlotte  Island  and 
Nanaimo  groups. 

The  fact  that  certainly  4  and  possibly  14  out  of  22  fossil  plants  found 
in  the  Knoxville  and  Horsetown  beds  of  California  are  identical  witfi 
forms  found  in  the  Potomac  formation  of  the  Atlantic  border  indicate:? 
that  the  Potomac  e]>och  is  included  in  that  represented  by  the  lower 
part  of  the  Shasta-Chico  series. 

The  relation  which  the  Comanche  series  of  Texas  and  Mexico  is  be- 
lieved to  hold  to  the  Aucella  beds  of  that  region  and  also  to  the  Upper 
Cretaceous  renders  it  highly  probable  that  it  is  contemporaneous  with  :i 
large  part  of  the  Shasta-Chico  series. 

United  States  Geological  Scrvey, 

Washington,  D,  C,  March  20,  180^. 
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Introduction. 


The  region  discussed  in  the  following  paper  embraces  portions  of  the 
Rome  and  Fort  Payne  atlas  sheets  of  the  United  States  Geological  Sur- 
vey in  Georgia  and  Alabama.  The  outlines  of  its  geology  have  already 
been  presented  to  this  Society  in  a  paper  read  at  the  Washington  meet- 
ing in  1890.  While  the  main  features  of  its  structure  were  known  at 
that  time  the  details  had  not  yet  been  worked  out.  Further  study  of 
this  region  during  the  past  summer  has  cleared  up  much  of  the  obscurity 
heretofore  surrounding  its  geologic  history,  and  it  is  believed  the  results 
obtained  are  of  sufficient  importance  to  warrant  bringing  the  subject 

^Pablished  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
LXV-BuLL.  Gbol.  Soc.  Am.,  Vol.  6,  1893.  (465) 
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before  the  Society  again;  also  recent  work  by  Mr  Walcott  on  the 
paleontology  of  the  region  has  made  possible  certain  stratigraphic  cor- 
relations of  considerable  interest. 

Physiography  of  the  Region. 

The  accompanying  map  shows  the  areal  distribution  of  the  formations 
within  the  region,  and  the  form  of  the  surface  is  in  large  measure  de- 
pendent on  the  character  of  the  underlying  rocks.  From  Rome,  shown 
on  the  northeastern  corner  of  the  map,  a  line  of  hills  extends  diagonally 
across  toward  the  southwestern  corner,  culminating  in  Weisner  moun- 
tain. This  line  of  hills  separates  the  region  into  distinct  physiographic 
divisions.  On  the  northwest  is  the  Coosa  valley,  underlain  for  the  most 
part  by  soft  shales  and  limestones  which  have  been  eroded  down  to  a 
nearly  perfect  plain.  The  level  surface  is  interrupted  by  a  few  slight 
elevations  composed  of  harder  shales  or  protected  by  a  cap  of  coarse 
gravel.  The  Coosa  river  has  an  extremely  sinuous  course,  evidently  in- 
herited from  conditions  dift'ering  slightly  from  those  which  prevail  at 
present.  Its  channel  is  sunk  40  to  GO  feet  below  the  general  level  of  the 
valley,  and  its  flood-plain  has  only  a  very  moderate  width. 

The  southeastern  portion  of  the  area  re[)resented  by  the  map  is  under- 
lain by  rocks  of  diverse  character,  and  hence  it  has  a  more  diversified 
topography.  Adjacent  to  the  dividing  line  of  hills  above  mentioned  is  a 
narrow  valley  underlain  by  shales.  South  of  Rome  several  other  narrow 
valleys  diverge  from  this  one  and  penetrate  a  few  miles  within  the  border 
of  the  high  rolling  land  to  the  eastward.  Between  Cave  spring  and 
Weisner  mountain  numerous  narrow  valleys  alternate  with  irregular 
ridges  and  hills.  The  dominant  topographic  feature  of  this  region  i? 
Indian  mountain.  It  consists  of  several  irregular  ridges  which  coalesce 
to  form  its  highest  point  and  taper  off  rapidly  toward  the  northeast  and 
southwest. 

Stratigraphy  of  thk  Region. 

A  detailed  account  of  the  lithologic  character  and  distribution  of  the 
formations  of  this  region  will  shortly  be  published  with  the  Rome  and 
Fort  Payne  atlas  sheets,  and  only  such  details  are  included  in  the  present 
paper  as  are  essential  for  an  understanding  of  the  stratigraphic  and 
structural  problems. 

Camhrkm  Rocks._ — Passing  diagonally  across  the  mapped  area,  from 
Rome  to  Weisner  mountain,  along  the  northern  base  of  the  hills  above 
mentioned,  is  the  intersection  of  a  major  thrust-fault  plane  with  the  land 
surface.     This  has  been  named  the  Coosa  fault  on  account  of  its  relation 
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to  the  southern  border  of  the  Coosa  valley.  It  will  be  fully  described  in 
a  subsequent  part  of  this  paper,  and  is  mentioned  here  only  because  it 
forms  the  boundary  between  two  widel}'^  different  phases  of  the  Cambrian 
rocks.  The  formations  south  of  the  fault  will  be  first  described,  then 
those  of  the  Coosa  valley,  and  finally  probable  correlations  between  the 
two  regions  will  be  pointed  out. 

Three  typical  sections  of  the  Cambrian  rocks  south  of  the  Coosa  fault 
will  be  described  briefly : 

The  first,  measured  in  the  vicinity  of  Rome,  shows  a  gray  silicious 
limestone  at  the  base.  This  has  as  yet  yielded  no  fossils,  but  has  been 
provisionally  correlated  with  the  Beaver  limestone,  which  occupies  a 
similar  position  in  the  stratigraphic  section  of  east  Tennessee,  and  has 
been  there  determined  as  Lower  Cambrian.  Above  this  limestone  are 
from  700  to  1,000  feet  of  thin-bedded  sandstone  and  sandy  shales,  with  a 
characteristic  bed  of  white  sandstone  at  the  top.  These  beds  constitute 
the  Rome  sandstone.  Above  the  sandstone  are  several  hundred  feet  of 
olive  shales,  then  beds  of  oolitic  limestone,  and  finally  1,000  or  more  feet 
of  calcareous  shalas,  interbedded  toward  the  top  with  blue  limestones. 

The  second  section,  measured  on  Big  Cedar  creek,  shows  the  Beaver 
limestone  and  the  Rome  sandstone,  similar  in  character  and  thickness  to 
the  same  formations  in  the  section  at  Rome.  Here  also  the  lower  por- 
tion of  the  Connasauga  is  composed  of  fine  olive  shales,  above  which  are 
a  few  beds  of  oolitic  limestone.  The  upper  portion  of  this  formation, 
however,  differs  widely  in  the  two  sections.  The  fine  calcareous  shales 
of  the  Rome  section  are  replaced  on  the  Big  Cedar  by  heavy  beds  of 
limestone.  Some  of  these  beds  are  gray  and  crystalline,  closely  resem- 
bling the  Knox  dolomite,  but  free  from  the  compact  nodular  chert  of 
the  latter  formation.  Other  beds  contain  considerable  earthy  matter 
which  often  retains  the  form  of  the  rock  after  the  calcareous  matter 
has  been  removed,  and  also  some  chert  having  a  characteristic  porous 
structure. 

The  third  section,  constructed  from  numerous  measurements  in  the 
vicinity  of  Indian  mountain,  shows  wide  differences  from  the  two  pre- 
ceding, especially  in  its  lower  portion.  The  Beaver  limestone  has  not 
been  found  here  and  the  Rome  sandstone  is  replaced  by  a  formation  of 
much  greater  thickness  and  wholly  different  in  character,  the  Weisner 
quartzite.  This  consists  at  the  base  of  a  heavy  bed  of  quartzitic  con- 
glomerate (700  feet),  then  a  great  thickness  of  micaceous  shales  (1,800 
feet),  and  finally  a  series  of  interbedded  quartzites,  shales  and  coarse 
conglomerates  (3,000  feet  ±).  In  the  upper  part  of  this  variable  series  the 
shale  predominates  and  the  conglomerate  occurs  as  thin  lenses.  Above 
this  series  are  greenish  silicious  shales,  having  a  very  considerable  though 
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undetermined  thickness.  The  upper  portion  of  the  Indian  mountain 
section  closely  resembles  that  on  Big  Cedar  creek.  No  fossils  have  yet 
been  found  in  any  member  of  the  Wcisner  formation,  and  hence  its 
exact  position  is  not  determined,  but  it  probably  corresponds  to  the 
whole  or  at  least  the  greater  part  of  the  Rome  sandstone. 

In  the  early  geological  study  of  this  region  the  rocks  underlying  tlie 
Coosa  valley  were  believed  to  be  older  than  the  Rome  sandstone  and  to 
rest  conformably  beneath  that  formation.  A  study  of  their  fossils,  how- 
ever, has  shown  them  to  be  of  the  same  age  as  the  Connasauga  shale, 
and  hence  younger  than  the  Rome ;  also  more  careful  examination  has 
revealed  the  presence  of  the  Coosa  fault,  separating  the  rocks  of  the 
Coosa  valley  from  the  Rome  sandstone  and  other  formations  to  the 
south. 

Owing  to  the  extensive  deposits  of  silt  and  gravel  which  occur  in  the 
Coosa  valley,  and  also  to  the-  extremely  complicated  structure,  all  at- 
tempts at  subdivision  of  these  rocks  and  mapping  their  distribution 
must  be  in  a  large  measure  unsatisfactory.  In  a  very  general  way  they 
may  be  divided  into  three  groups,  although  they  present  so  wide  varia- 
tions in  lithologic  character  on  opposite  sides  of  the  valley  that  the  sul>- 
division  is  of  doubtful  value. 

The  upper  division,  which  generally  comes  in  contact  with  the  Rome 
sandstone  along  the  Coosa  fault,  there  consists  of  characteristic  greenish 
silicious  shales.  In  some  cases  the  shale  is  replaced  by  greenish  mica- 
ceous sandstone,  which  is  always  highly  contorted  and  crushed  into  a 
series  of  lenticular  masses  from  a  fraction  of  an  inch  to  four  or  five  inches 
thick.  The  sandstone  is  always  filled  with  cracks  or  fissures  which  have 
the  appearance  of  having  been  produced  by  contraction  of  the  strata. 
At  the  surface  these  cracks  are  partially  filled  with  quartz  and  where 
they  are  unweathered  the  remaining  space  is  occupied  by  calcite.  The 
sandstone  is  confined  to  the  southern  border  of  the  valley.  Passinjr 
northward  the  silicious  beds  become  fewer,  being  replaced  by  fine  olive- 
green  shales,  and  throughout  the  central  portion  of  the  valley  this  divis- 
ion is  represented  by  shales  in  which  occur  numerous  flat  concretions 
composed  of  gray  silicious  material  intermediate  in  character  between 
fine-grained  quartzite  and  chert.  As  the  shale  weathers,  these  concre- 
tions accumulate  upon  the  surface,  and  closely  resemble  well  worn  river 
gravel.  Along  the  northern  border  of  the  valley  this  division  becomes 
very  much  more  calcareous.  The  concretions  are  similar  in  appearance 
to  those  above  described,  but  are  composed  of  very  silicious  limestone. 

The  intermediate  division  of  the  rocks  of  the  Coosa  valley  is  com- 
posed of  clay  shales,  but  contains  in  addition  varying  quantities  of  lime- 
stone.    The  latter  appears  in  some  places  as  a  few  thin  beds  scattered 


SILURIAN   ROCKS.  469 

through  the  shales  and  in  others  as  very  massive  beds,  frequently  several 
hundred  feet  in  thickness. 

The  lowest  division  .consists  wholly  of  fine  clay  shales,  which  appear 
yellow  at  the  surface  and  dark  bluish  gray  below  drainage. 

Throughout  Coosa  valley  there  is  no  single  stratum  sufficiently  char- 
aetoritftic  as  to  be  recognizable  in  different  exposures  and  thus  used  as  a 
datum  for  correlating  other  beds.  For  this  reason  and  for  others  already 
nientioned  the  above  classification  is  simply  tentative.  It  cannot  be 
asserted  with  any  confidence  that  the  divisions  represented  on  the  map 
are  made  at  the  same  stratigraphic  point  for  any  considerable  distance, 
either  along  the  strike  or  across  the  outcrops. 

When  the  rocks  of  the  Coosa  valley  are  compared  with  the  Cambrian 
rocks  south  of  the  Coosa  fault  but  little  similarity  is  found.  Nothing 
resembling  the  upper  silicious  division  occurs  in  the  Rome  and  Cedar 
crock  sections,  and,  on  the  other  hand,  the  characteristic  oolitic  lime- 
stone of  these  sections  is  wholly  wanting  north  of  the  fault.  On  litho- 
logic  grounds  alone  these  rocks  would  never  be  correlated.  The  presence 
of  identical  faunas,  however,  in  the  two  regions  affords  unmistakable 
endence  of  their  contemporaneous  deposition.  These  facts  have  an  im- 
portant bearing  upon  the  structure  of  the  region,  and  will  be  again 
referred  to  in  connection  with  the  Coosa  thrust-fault. 

Silurian  Rocks, — The  Knox  dolomite  probably  represents  a  deposition 
period  covering  the  upper  Cambrian  and  extending  well  into  the  Silu- 
rian. The  altnost  complete  absence  of  fossils  makes  it  impossible  to  fix 
the  limit  between  the  Cambrian  and  Silurian,  and  apparently  there  is 
no  break  in  the  continuit}'  of  deposition  from  bottom  to  top  of  the  forma- 
tion. The  Knox  dolomite  has  been  described  by  various  writers  and 
needs  only  brief  mention  in  this  place.  It  is  probably  between  three 
and  four  thousand  feet  in  thickness,  although  the  nature  of  its  exposures 
and  the  fact  that  it  is  usually  covered  with  a  heavy  mantle  of  residual 
material  render  measures  of  its  thickness  uncertain. 

North  of  the  Coosa  valley  the  Knox  dolomite  is  followed  by  the 
(.'hickamauga,  a  series  of  blue,  dove-colored  and  purple  limestones ;  also 
at  a  few  points  south  of  the  Coosa  fault  the  dolomite  is  overlain  by  blue 
limestone,  although  in  the  greater  part  of  this  region  a  stratigraphic 
break,  which  will  be  described  more  fully  later,  occurs  at  this  point ; 
also  south  of  the  fault  the  purple  earthy  limestones  are  replaced  by  a 
great  thickness  of  black  slates.  They  have  been  placed  in  a  separate 
formation,  the  Rockmart  slate,  although  they  probably  represent  the 
same  period  of  deposition  as  the  earthy  limestones  further  north,  but  it 
is  impracticable  to  separate  the  latter  from  the  purer  limestones  beneath. 
North  of  the  valley  the  Chickamauga  limestone  is  followed  without 
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apparent  break  by  the  Rockwood  formation,  and  that  by  the  Carbomfer- 
ous,  Fort  Payne  chert  and  Floyd  shale.  South  of  the  Coosa  fault  the 
succession  above  the  Chickarnauga  is  (|uite  different. 

Devonian  Rocks. — A  few  miles  southeast  of  the  region  mapped  the 
Rockmart  slate  is  overlain  by  a  thin  bed  of  white  quartzos^  sandstone, 
and  this  by  fossiliferous  chert  su{)posed  to  correspond  to  the  Fort.  Payne. 
In  the  area  mapped  no  rocks  are  found  which  can  be  shown  to  rt^st  con- 
formably on  the  Rockmart  slate.  As  shown  upon  the  map,  there  are 
between  Indian  and  Weisner  mountains  several  small  arciis  occupied  by 
a  formation  which  comes  in  contact  with  all  the  older  rocks  thus  far 
described.  It  consists  of  coarse  ferruginous  sandstone,  in  some  places 
white,  resembling  quartzite,  and  in  others  yellow  or  gray  and  weatherinii 
to  incoherent  beds  of  sand.  Beneath  this  sandstone  and  usually  deeply 
covered  by  its  debris  are  shales,  also  variable  in  com  position  and  appear- 
ance. No  satisfactory  measurement  has  been  made  of  their  thickness, 
but  this  is  probably  as  varial)le  as  their  physical  appearance. 

A  number  of  fossils  have  been  found  in  these  sandstones  of  Frog 
mountain.  They  include  Zaphrentis  sp.  (?),  Chwtetss  cotnplanata  (?),  Spi- 
rifera  arenosa  (?),  S.  arrecta  (?),  Plerlnea  sp.  (?),  Platyceras  sp.  (?),  Orthis 
mmculosa  (?)  and  Pentomerns,  cast  like  that  of  P.  ohlongus  conocardhm. 
Concerning  these  fossils  Mr  Walcott  says*  that  "  all  the  specific  deternn- 
nations  are  uncertain,  as  the  material  is  not  in  a  satisfactory  condition, 
but  the  horizon  of  the  Oriskany  sandstone  is  strongly  suggested  by  the 
general  facies  of  the  tauna." 

The  only  formation  in  the  Appalachians  south  of  Tennessee  which 
has  hitherto  been  regarded  as  Devonian  is  the  Chattanooga  black  shale, 
and  this  is  wanting  south  of  the  Coosa  river.  If  the  Frog  mount^iin 
sandstone  j)roves  to  be  Oriskany  a  part  of  the  break  between  the  Silurian 
and  Carboniferous  w41l  be  filled. 

Unconsolidated  Fftrmations. — Reference  has  been  made  to  beds  of  silt 
and  gravel  in  tlic  Coosa  valley  which  are  worthy  of  some  further  descrip- 
tion. These  de])()sits  cover  a  considerable  proportion  of  the  valley,  en- 
tirely concealing  the  underlying  rocks  over  many  square  miles  of  it«« 
surface.  They 'are  found  at  two  distinct  levels,  separated  by  a  vertical 
interval  of  about  140  feet.  At  both  levels  they  rest  directly  upon  a 
smoothly  cut  surface  of  the  highly  contorted  Cambrian  shales. 

The  low-level  deposits  are  most  extensive  and  occur  from  30  to  40  feet 
above  the  Coosa  river.  At  their  base,  resting  on  the  erosion  surface,  are 
from  1  to  5  feet  of  gravel  and  coarse  sand  showing  some  indications  of 
bedding.  The  gravel  is  coarsest  at  the  bottom,  sometimes  containin<r 
pebbles  6  to  8  inches  in  diameter.     When  fresh  exposures  are  examined 

♦  Am.  Jonr.  Sci..  vol.  xlvii,  1894,  p.  2;J7. 
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tlie  gravel  is  found  to  contain  a  large  proportion  of  chert,  in  some  cases 
as  mach  as  50  per  cent.  Next  to  the  chert,  schistose  quartzite  is  the 
most  abundant  constituent,  and  after  that  vein  quartz,  whicli  makes 
about  10  per  cent.  The  finer  portions  of  the  gravel  contain  many  small 
fr:\gments  of  shale  and  angular  or  partly  rounded  fragments  of  chert, 
showing  clearly  that  the  material  has  been  subjected  to  only  a  moderate 
amount  of  stream  or  beach  action.  This  gravel  is  overlain  by  from  5  to 
15  feet  of  silt,  colored  deep  red  below  and  yellow  or  gray  at  the  surface. 
The  line  between  the  gravel  and  silt  is  sometimes  well  defined,  but  more 
often  the  passage  is  gradual,  and  occasional  pebbles  occur  several  inches 
or  even  feet  above  the  base  of  the  silt ;  also  lenses  of  coarse  gravel  are 
sometimes  seen  in  the  silt. 

The  high-level  deposits  form  a  cap  upon  certain  isolated  hills,  which  ex- 
tend from  Center,  Alabama,  northeastward  near  the  middle  of  the  Coosa 
valley.  The  composition  and  arrangement  of  their  materials  are  almost 
precisely  the  same  as  in  the  low-level  deposits.  The  gravel  is  perhaps  a 
little  coarser  and  the  overlying  silt  more  deeply  colored,  but  otherwise 
the  deposits  are  indistinguishable.  The  intermediate  slopes  between  the 
upper  and  lower  deposits  are  quite  free  from  gravel,  except  the  small 
(quantity  which  has  washed  down  from  above,  and,  so  far  as  can  be  de- 
termined, they  are  not  portions  of  a  single  deposit  originally  spread 
man  tie  wise  over  the  entire  surface  and  subsequently  removed  from  the 
slopes.  On  the  contrary,  the  high-level  deposit  appears  to  be  the  older, 
consisting  of  the  remnants  of  a  sheet  once  continuous  over  the  whole 
valley  and  almost  entirely  removed,  together  with  140  feet  of  the  under- 
lying shales  before  the  deposition  of  the  low-level  deposits. 

No  opportunity  has  yet  been  afforded  of  tracing  these  unconsolidated 
formations  to  regions  in  which  their  age  might  be  determined,  and  no 
attempt  is  here  made  at  their  correlation,  but  it  seems  probable  that 
further  study  will  show  them  to  be  the  inland  representatives  of  either 
the  Columbia  or  Lafayette  formations  or  both. 

Overlaps, — In  studying  a  region  so  extensively  faulted  as  that  between 
Indian  and  Weisner  mountains,  there  is  a  strong  tendency  ito  attribute 
all  unconformities  to  faulting,  and  especially  is  it  difficult  to  discrimi- 
nate between  the  broad  horizontal  thrusts  and  dei)osition  overlaps. 
Sufficiently  careful  mai)ping,  however,  renders  it  possible  to  determine 
in  most  cases  to  which  class  an  unconformity  belongs,  even  in  presence 
of  a  heavy  residual  mantle  and  deep  decay  of  the  rocks. 

At  least  two  well-marked  erosion  overlaps  occur  in  this  region.  The 
first  is  at  the  top  of  the  Knox  dolomite.  In  the  vicinity  of  Cedartown 
and  immediately  southeast  of  the  area  covered  by  the  map  the  contact 
of  the  Knox  dolomite  and  Chickamauga  limestone  is  everywhere  obscured 
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by  a  belt  of  deep  red  soil,  with  which  beds  of  limonit<»  are  usually  as- 
sociated. It  seems  probable  that  this  ferruginous  clay  represent*?  the 
deep  residual  mantle  of  an  old  land  surface.  This  is  at  present,  how- 
ever, only  a  working  hypothesis  and  requires  further  field-work  t^)  lit- 
termine  its  value. 

West  of  the  region  mapped  the  evidence  of  this  overlap  is  more  cdfi- 
clusive.  It  consists  in  a  heavy  bed  of  conglomerate  or  breccia  which 
occurs  at  the  base  of  the  Chickamauga  limestone,  and  is  composed  of 
more  6r  less  angular  pebbles  of  Knox  dolomite  chert  imbedded  in  a 
calcareous  matrix. 

The  second  erosion  overlap  occurs  about  the  top  of  the  Silurian.  It 
is  marked  by  much  more  pronounced  folding  than  the  earlier  one,  ]>ut 
is  confined  to  a  smaller  area.  It  produces  the  greatest  unconformity  in 
the  vicinity  of  Frog  mountain.  As  shown  upon  the  map,  the  Fny 
Mountain  sandstone  and  shale  come  in  contact  at  different  points  with 
the  Connasauga  shale,  Knox  dolomite,  Chickamauga  limestone  and 
Rockmart  slate.  To  bring  about  this  relation  by  faulting  would  retjuin' 
a  period  of  folding  and  erosion  followed  by  the  horizontal  transfer  <»f 
younger  rocks  across  the  eroded  surface  of  the  older.  There  is  no  re;iJ?on 
why  such  a  process  might  not  take  place  under  })roper  conditions,  but 
the  evidence  is  against  the  hypothesis  of  faulting  in  this  particular  ca^e 
and  in  favor  of  the  hypothesis  of  overlap.  No  rocks  are  found  in  thi> 
region  belonging  to  the  Rock  wood  (Upper  Silurian),  while  towanl  tlic 
northeast  and  southwest  this  formation  carries  heavy  conglomeratrs. 
which  represent  shore  conditions  of  dei)osition  adjacent  to  a  Silurian 
land  area. 

The  entire  absence  of  the  Chattanooga  (Devonian)  black  shale  south 
of  the  Coosa  river  indicates  a  third  overlap.  The  corresponding  perM 
of  erosion  must  have  covered  nearly  the  whole  of  the  Devonian,  but  wiv? 
probably  marked  by  slight  elevation,  and  consequently  little  degra<la- 
tion,  80  that  the  Carboniferous  rocks  appear  to  rest  conformably  upon 
the  Frog  Mountain  (Lower  Devonian)  or  Rockwood  (Upper  Silurian' 
sandstones. 

Geologic  Structure  of  the  Region. 

The  structure  of  the  region  between  Rome  and  Weisner  mountain  i'' 
probably  as  complicated  as  that  of  any  portion  of  the  Appalachian**. 
Three  types  of  structure,  more  or  less  closely  related  genetically,  are  here 
found  associated,  and  the  complication  is  further  increased  by  extensive 
deposition  overlaps  and  by  abrupt  lithologic  changes.  Only  the  main 
features  of  this  structure  could  be  presented  here,  even  if  all  the  detaiN 
had  been  or  could  be  worked  out.     For  reasons  given  above  all  attempt.- 
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to  unravel  the  complicated  structure  of  the  Coosa  valley  rocks  have 
proved  unavailing,  but  more  satiafactory  results  have  been  obtained  in 
the  region  south  of  the  Coosa  fault. 

Folds, — Probably  in  this  region,  as  elsewhere  in  the  Appalachians,  the 
first  structural  forms  developed  by  horizontal  compression  were  the  ordi- 
nary ste{>-fold8.  These  were  doubtless  modified  by  irregularities  in  the 
original  synclines  of  deposition,  which  are  indicated  by  the  unconformi- 
ties and  great  variations  in  formation  thicknesses.  In  the  less  compli- 
cated portions  of  the  region  these  folds  remain  more  or  less  perfectly  pre- 
served, but  generally  they  have  been  entirely  obliterated  by  subsequent 
faulting. 

Immediately  south  of  Rome  several  short  folds  bring  the  Connasauga 
shale  above  baselevel,  and  consequently  give  rise  to  narrow  valleys,  pene- 
trating southward  a  few  miles  within  the  dolomite  area.  Each  of  these 
folds,  however,  has  been  faulted  along  its  western  side.  A  similar  faulted 
anticline  extends  southward  from  Cave  Spring.  The  e^^tensive  area  of 
dolomite,  whose  border  is  penetrated  by  these  narrow  anticlines,  is  a 
brcJad,  gently  undulating  syncline  pitching  southward.  Its  axis  at 
Cedartown  is  occupied  by  the  overlying  Chickamauga  limestone  and 
Kockmart  slate.  An  explanation  of  this  broad  area  of  practically  undis- 
turbed rocks  adjacent  to  the  intensely  fiiiulted  region  on  the  west  will  be 
su«:gested  below. 

In  the  region  west  of  Cave  Sprin;:?  the  folds  which  probably  once  existed 
have  been  entirely  obliterated,  excepting  a  few  very  irregular  synclines 
in  the  faulted  blocks  of  dolomite  and  possibly  an  anticline  in  the  Rome 
sandstone  west  of  Exie.  So  far  as  their  structure  can  be  determined,  the 
Frog  Mountain  sandstones  form  closed  synclines,  but  these  are  secondary 
structures,  developed  after  the  subterranes  had  already  been  folded  and 
eroded. 

Minor  Thrml-fauUs. — The  second  type  of  structure  is  the  normal  Appa- 
lachian thrust-fault,  modified  by  the  peculiar  conditions  prevailing  in 
this  region.  A  great  majority  of  these  faults  extend  nearly  due  north 
and  south,  and  hence  intersect  the  main  structure  axes  of  the  region  at 
angles  of  30®  or  40°.  Immediately  south  of  Rome  at  least  seven  of 
these  minor  thrusts  occur  within  a  belt  three  miles  wide.  They  vary 
in  length  from  3  to  8  miles  and  overlap  along  the  strike.  The  strata 
are  thus  cut  into  a  number  of  narrow  strips  which  form  monoclinals 
dipping  steeply  toward  the  east.  In  the  vicinity  of  Cave  Spring  is 
another  series  of  faults  similar  in  most  respects  to  those  south  of  Rome. 
Between  Indian  and  Weisner  mountains  there  is  less  regularity  in  the 
arrangement  pf  the  minor  thrusts,  and  their  general  trend  is  somewhat 
east  of  north.    A  strip  of  Knox  dolomite  from  one  to  four  miles  in  width 

LXVI— Bull.  Gbol.  Soc   Am.,  Vol.  5,  1893. 
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extends  from  near  Cave  Sprin«j  toward  the  southwest,  lyinp;  north  of 
Indian  and  south  of  Weisner  mountains.  This  helt  of  dolomite  is  inter- 
sected by  a  series  of  nearly  parallel  thrust-faults  which  cut  diagonally 
across,  separating  it  into  irregular  monoclinal  blocks.  The  faults  dis- 
appear in  the  belt  of  Connasauga  shale  on  the  north,  while  their  throw- 
is  greatest  at  the  northern  edge  of  the  dolomite,  decreasing  southward, 
and  in  some  cases  disappearing  within  the  dolomite  area.  These  faults 
give  rise  to  the  narrow  belts  of  shale  which  bran(!h  from  the  northern 
belt  and  extend  varying  distances  toward  the  south,  forming  narrow 
valleys  among  the  dolomite  hills. 

One  of  these  faults,  beginning  on  the  state  line,  turns  westward  along 
the  northern  base  of  Indian  mountain,  passing  through  Rock  Run.  It 
is  specially  interesting  on  account  of  its  connection  with  the  Rock  Run 
limonite  and  bauxite  deposits. 


FioVBS  I.— Section  through  Frog  Mountain,  south  of  the  Coosa  Valley. 
T  7*—  Major  thrust-fault;  ttt^  Minor  thrust-faults ;  O  O  '■»  Upper  SiluHan  oyerhipn. 

The  fault  which  begins  about  two  miles  southwest  of  Forney  is  shown 
on  the  map  as  passing  around  the  southwestern  end  of  Frog  mountain 
and  turning  back  toward  the  northeast  as  far  as  Rock  Run,  the  two  por- 
tions of  the  fault  being  thus  api)roximately  parallel.  To  produce  the 
observed  distribution  of  the  formations  the  two  parallel  limbs  of  this 
fault  must  hade  in  opposite  directions.  The  northern  limb  is  precisely 
similar  to  the  other  thrust-faulta  of  this  series,  ^le  younger  rooks  are 
upon  its  northern  side  and  the  fault-plane  dips  toward  the  south.  The 
relation  of  the  formations  along  the  southern  limb  is  different.  From 
Hurricane  creek  to  the  northeastern  end  of  Frog  mountain  the  rocks  on 
the  northern  side  of  the  fault  are  the  younger,  while  from  that  point  to 
Rock  Run  they  are  the  older.  The  latter  is  the  normal  relation  for  a 
northward  dipping  fault-plane,  as  this  is  believed  to  be.  The  abnormal 
relation  along  the  southern  border  of  Frog  mountain  is  brought  al>out 
by  the  presence  of  the  plane  of  overlap,  indicated  by  0  0  in  the  structure 
section,  figure  1.  The  fault  branching  from  the  one  just  described  west 
of  Rock  Run  and  extending  nearly  to  Forney  is  tpiite  distinct  and  has 
the  normal  southeastern  hade. 

The  very  marked  differences  l)etween  these  folds  and  faults  and  those 
further  north  in  Tennessee  and  Virginia  are  due  chiefly  to  the  peculiar 
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stratigraphic  conditions  of  the  region.  For  a  long  distance  north  of  In- 
dian mountain  the  Cambrian  rocks  consist  of  soft  shales  and  limestones 
which  afford  little  resistance  to  folding,  while  toward  the  south  they  con- 
tain great  masses  of  conglomerate  and  quartzite.  These  massive  strata 
.themselves  resisted  folding  and  acted  as  immovable  buttresses,*  against 
which  the  less  rigid  rocks  were  thrust;  hence  the  effect  of  great  com- 
pression was  concentrated  within  a  narrow  belt  west  of  Indian  mountain, 
while  the  broad  Cedartown  syncline  lying  to  the  eastward  of  this  buttress 
was  so  protected  from  the  compression  that  its  strata  remain  nearly  hori- 
zontal. The  eastward  flow  of  strata  past  the  northern  end  of  this  but- 
tress necessitated  a  certain  amount  of  rotation  in  the  strata  of  this  region, 
and  this  rotation  determined  the  position  of  the  minor  thrusts  transverse 
to  the  main  structure  lines.  The  rotation  is  especially  marked  in  the 
nionoclinal  blocks  of  Knox  dolomite  between  Cave  Spring  and  Weisner 
mountain,  and  this  also  accounts  for  the  group  of  minor  thrusts  south  of 
Rome. 

Major  Thmst'Jaults. — Two  or  three  faults  of  this  type  occur  within  the 
region  under  consideration.  The  most  remarkable  of  these,  the  Rome 
thrust-fault,  has  already  been  described.*  Owing  to  peculiarly  favorable 
conditions,  certain  portions  of  the  overthrust  rocks  have  been  preserved 
from  erosion  and  afford  unmistakable  evidence  of  horizontal  displace- 
ment of  the  strata  as  well  as  a  minimum  measure  of  its  amount. 

The  second  example  of  this  type,  the  Coosa  fault,  has  been  already 
referred  to  above.  As  shown  on  the  accompanying  map,  it  extends  from 
Rome  south  westward  on  the  border  of  the  Coosa  valley  along  the  north- 
em  base  of  Weisner  mountain,  turning  south  and  then  southeast  around 
its  western  end.  The  diversity  of  formations  adjacent  to  different  por- 
tions of  this  fault  is  very  much  less  than  in  the  case  of  the  Rome  fault. 
C'hiefly  for  this  reason  it  was  overlooked  in  the  early  study  of  the  region, 
and  until  the  entire  belt  was  carefully  mapped  it  w-as  regarded  as  a 
normal  contact  l)etween  adjacent  formations.  Upon  the  northern  side 
of  the  fault  throughout  its  entire  length,  with  the  exception  of  a  mile  or 
two  near  Rome,  occur  the  green  silicious  Cambrian  sandstone  and  shale 
aboVe  described.  On  the  southern  side  of  the  fault  there  is  not  quite  so 
great  uniformity.  Throughout  a  little  more  than  half  its  length  the 
Rome  sandstone  lies  immediately  superjacent  to  the  fault  plane.  Be- 
tween Rome  and  Cedar  creek  a  narrow  strip  of  Beaver  limestone  occurs 
at  intervals  beneath  the  Rome  sandstone  and  next  to  the  fault.  From 
Forney  to  the  eastern  end  of  Weisner  mountain  the  Rome  sandstone 
almost  entirely  disappears,  or  if  present  is  not  in  contact  with  the  fault, 
being  replaced  by  the  Connasauga. 


•The  Oyerthrust  Faults  of  the  Southern  Appalachians:  Bull.  Geol.  Soc.  Am.,  vol.  2, 1891,  pp.  Ul- 
164. 
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Although  the.  residual  surface  material  usually  conceals  the  fault 
plane,  artificial  cuttings  at  some  points  reveal  the  exact  contact  betwetMi 
the  overthrust  and  underthrust  strata.  As  stated  above,  the  green  8ili<'i- 
ous  shales  of  the  Coosa  valley  are  always  highly  contorted,  but  much 
more  so  near  the  fault  than  elsewhere.  The  original  bedding  is  some- 
times quite  obliterated  and  the  rock  is  in  the  form  of  small  lenticular 
masses  with  slickensidcd  surfaces.  The  rocks  above  the  fiiult  plane  are 
usually  much  less  disturbed  than  those  below.  In  all  cases  where  th^ 
exact  contact  could  be  seen  the  rocks  above  the  fault  plane  were  tin 
Rome  sandstones  and  their  greater  rigidity  may  in  a  measure  account 
for  their  less  disturbance. 

Just  south  of  the  Etowah  river  in  Rome  the  fault  plane  is  well  ex- 
j)08ed.  The  rocks  are  crushed  and  deeply  weathered,  but  the  bedding, 
so  far  as  it  can  be  determined,  is  approximately  parallel  above  and  below 
the  fault  })lane.  A  stratum  of  obscurely  bedded  red  and  yellow  clay  > 
or  10  feet  in  thickness  marks  the  plane  on  which  the  maximum  moti<»n 
occurred.  It  contains  fragments  of  the  overthrust  and  underthnist  rock> 
and  is  evidently  a  finely  comminuted  an(l  deeply  weiithered  fault  brec<*ia. 
A  large  amount  of  motion  has  evidently  taken  jdace  within  the  strata 
on  both  sides  of  the  main  thrust  plane,  and  every  beilding  plane  for  some 
distance  above  atid  a  considerably  greater  distance  below  shows  sicken- 
siding. 

In  a  roadcut  about  six  miles  southwest  of  Rome  the  fault  plane  i> 
shown  even  more  clearly  than  in  the  case  above  described.  It  dips 
southeastward  about  12°,  although  in  the  20  feet  obser\'ed  the  anglf 
varies  from  10°  to  15°.  The  thrust-plane  is  marked  by  a  bed  2  or  3  fe**t 
in  thickness  of  reddish  clay  containing  many  small  angular  fRigment«< 
of  the  adjacent  rocks.  Above  this  fault  breccia  the  sandstone  is  only 
slightly  disturbed,  while  below  the  green  silicious  shale  has  almost  en- 
tirely lost  its  bedding. 

Rehtion  of  minor  a n*!  mojnr  ThrnM'<. — It  will  be  seen  from  the  aoconi- 
j)anying  map  that  while  the  minor  thrust-faults  liave  a  nearly  north- 
and-south  trend  they  do  not  cross  the  Coosa  fault,  but  in  nicest  cases  die 
out  in  the  band  of  Cambrian  shale  and  sandstone  upon  its  southeastern 
side.  At  two  points  the  Coosa  fiiult  appears  to  be  intersected  and  offM, 
but  in  neither  case  does  the  intersecting  fault  belong  clearly  to  the  clae«i5 
of  minor  thrusts  above  described.  It  seems  scarcely  possible  that  if 
major  and  minor  thrusts  were  developed  at  the  same  time  the  latter 
should  not  in  some  cases  at  least  intersect  tlie  former ;  also  if  the  minor 
thrusts  had  Ikhmi  developed  subsequent  to  the  major  thrusts  they  woiiM 
have  intersected  the  latter  even  more  frequently' :  hence  it  seems  a  fair 
inference  that  the  two  types  of  f^iulting  belong  to  distinct  periods  of  or- 
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ogenic  activity.  If  these  periods  were  separated  by  a  long  time-interval 
ronaiderable  erosion  must  have  taken  place.  Thus  some  indication  is 
atlbrded  of  the  conditions  which  determined  the  character  of  the  fault- 
ing, and  the  conclusion  reached  by  other  lines  of  evidence  is  strength- 
ened, that  folding  and  minor  thrust-faulting  result  from  the  compression 
of  a  comj)etent  stratum  under  great  load,  while  major  thrusts  result  from 
conij>ression  after  erosion  has  removed  much  of  the  load  from  the  rigid 
beds  and  at  the  same  time  developed  lines  of  weakness  in  them. 

A  mount  of  horizontal  DisplcLcement. — As  described  in  the  paper  above 
(nted,  the  thrust-plane  of  the  Rome  fault  has  itself  been  folded  by  subse- 
quent compression.  By  reason  of  this  folding  certain  portions  of  the 
overthrust  rocks  which  rest  in  the  synclines  have  been  preserved  from 
erosion  and  afford  a  minimum  measure  of  horizontal  displacement.  If 
such  subsequent  folding  has  taken  place  in  the  case  of  the  Coosa  fault, 
the  resulting  folds  have  either  not  yet  been  revealed  by  erosion  or  they 
have  been  entirely  removed.  The  latter  is  the  more  probable.  Except- 
ing the  two  small  offsets,  evidently  produced  by  intersecting  faults,  the 
c'ourse  of  the  Coosa  fault  is  remarkably  direct,  considering  the  low  incli- 
nation of  the  thrust-plane ;  but  it  is  quite  probable  that  if  the  surface  of 
this  region  were  degraded  only  a  few  hundred  feet  further  the  outcrop  of 
the  Rome  fault-plane,  now  so  remarkably  sinuous,  would  be  equally  as 
direct  as  that  of  the  Coosa  fault,  and  the  latter  may  have  had  at  some 
earlier  stage  of  erosion  a  course  equally  as  sinuous  as  the  former  has  at 
the  present  time. 

The  strongest  evidence  of  great  horizontal  displacement  on  the  Coosa 
thrust-plane  is  found  in  the  widely  diverse  character  of  contemporaneous 
formations  on  its  opposite  sides.  It  will  be  recalled  that  the  same  faunas 
are  found  in  the  Connasauga  shale  and  in  the  formations  underlying  the 
Coosa  valley,  but  the  rocks  which  contain  these  fossils  differ  widely  in 
Ji}>])earance  and  point  to  very  different  conditions  of  deposition.  Two 
explanations  of  these  facts  are  suggested  :  First,  there  may  have  been  a 
barrier  of  land  between  the  two  areas  of  deposition,  so  that  the  rocks  of 
the  Coosa  valley  and  those  south  of  the  Coosa  fault  were  laid  down  in 
separate,  though  contiguous,  basins.  Deriving  their  sediments  from  dif- 
ferent sources,  they  would  differ  in  lithologic  character,  while  the  faunas 
would  be  essentially  the  same.  No  trace  of  such  a  land  barrier,  how- 
ever, has  yet  been  found,  and  the  rocks  in  question  contain  none  of  the 
characteristic  marks  of  littoral  deposition. 

The  second  explanation  of  the  above  facts  is  that  the  rocks  now  occu- 
pying adjacent  areas  at  the  surface  were  originally  deposited  in  com- 
l)aratively  remote  parts  of  the  same  sea,  and  that  the  observed  lithologic 
differences  are  due  to  the  gradual  change  which  is  always  found  to  occur 
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when  the  same  beds  are  traced  for  a  considerable  distance.  The  contract 
in  character  is  greatly  heightened,  since  all  the  intermediate  varieti<^  art 
wanting  and  the  moi*t  different  types  are  brought  into  immediate  cf-n- 
tact,  where  comparison  reveals  differences  which  in  their  normal  relaii^'n 
would  entirely  escape  notice.  The  visible  displacement  on  the  Roiiit 
fault  is  about  4J  miles.  Upon  a  very  moderate  estimate  of  subse«|uenr 
folding  and  erosion,  tlie  original  displacement  must  have  been  at  \i<i< 
twice,  and  was  more  probably  three  times,  that  amount.  If  an  i-<|Uj, 
displacement  has  occurred  on  the  Coosa  fault-plane,  the  original  li'  '»r 
15  miles  of  interval  between  rocks  now  adjacent  would  easily  acct)un: 
for  these  observed  lithologic  differences. 

Paleozoic  History  of  the  Region. 

From  the  facts  detailed  above  a  tolerably  definite  idea  may  be  ol»- 
tained  of  the  history  through  which  this  region  has  passed.  It  hegiiB- 
in  Cambrian  time,  when  the  land  lay  to  the  southeast  and  a  broad  ex- 
panse of  sea  stretched  far  to  the  west  and  northwest.  The  rivers  bruutrh: 
down  sediments  from  the  crystalline  rocks  on  the  east.  At  first,  while 
the  land  was  high,  coarse  sand  was  deposited  in  great  lenses  about  the 
river  mouths,  and  as  the  land  was  worn  down  the  sediments  bet^aiuv 
finer,  till  at  the  close  of  the  Connasauga  epoch  only  the  finest  mud  wa> 
deposited.  Then  followed  a  long  period  of  calcareous  precipitation,  witli 
conditions,  not  clearly  understood,  favoring  the  deposition  of  amorphous 
silica  as  chert  or  flint.  This  was  the  Knox  dolomite  ei/och.  coverini: 
late  Cambrian  and  early  Silurian  time.  Following  this  was  an  ujilitt 
with  gentle  folding  which  brought  portions  of  the  region  above  sealevel. 
Probably  most  of  the  area  covered  by  the  map  was  dry  land  undergoiiu 
subaerial  degradation,  with  the  formation  of  a  deep  residual  mantle  ami 
the  deposition  about  its  border  of  conglomerates  composed  of  the  in- 
durated portions  of  the  eroded  rocks.  Following  this  coniparativtly 
short  period  of  uplift  was  a  much  longer  one,  during  which  the  scji  cov- 
ered the  region  and  the  Chickamauga  limastone  was  deposited.  Aflern 
few  hundred  feet  of  blue  limestone  had  formed  changes  occurred  in  tli' 
altitude  of  the  land  toward  the  southeast,  so  that  fine  mechanical  setli- 
ments  replaced  pure  limestone,  and  a  great  thickness  of  calcareous  clay 
shales,  now  the  Rockmart  slate,  was  laid  down.  This  long  period  «>f 
(juiet  deposition  was  terminated  by  a  period  of  disturbance  similar  to 
the  one  which  brought  the  Knox  dolomite  epoch  to  an  end,  but  the  fohi- 
ing  was  very  much  more  profound  in  the  second  than  in  the  first. 
Within  the  area  mapjied,  and  extending  some  distance  toward  the  south- 
east, rather  sharp  folds  were  produced,  trending  nearly  north  and  south. 
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The  folding  was  accompanied  and  followed  by  erosion,  which  probably 
reil viced  the  rising  land  nearly  or  quite  to  sealevel.  This  period  of  ero- 
^T^<)n  extended  over  the  latter  part  f)f  the  Silurian,  but  early  in  the  Devo- 
nian the  region  was  again  invaded  by  the  sea,  and  across  the  truncated 
edges  of  the  folded  strata  coarse  sands  were  deposited  which  now  form 
the  Frog  Mountain  sandstones.  The  region  may  have  been  above  sea- 
level  again  during  the  latter  part  of  the  Devonian,  but  if  elevation  oc- 
curred at  that  time  it  was  accompanied  by  so  little  folding  that  practi- 
cally no  erosion  took  place,  and  the  overlap  is  indicated  only  by  the 
absence  of  Upper  Devonian  formations  and  not  by  any  appreciable  un- 
co nformability  of  strata.  During  early  Carboniferous  time  the  region 
was  again  covered  by  the  sea  and  a  continuous  layer  of  cherty  limestone 
deposited  over  its  entire  extent. 

The  orogenic  activity  which  had  manifested  itself  at  inter\'al8  during 
most  of  Paleozoic  time  culminated  in  the  great  Appalachian  revolution 
probably  near  the  close  of  the  Carboniferous.  Considering  the  entire 
Appalachian  province  as  a  unit,  the  activity  may  have  been  continuous, 
although  in  any  particular  region  it  apparently  consisted  of  several 
[)eriods  of  activity  separated  by  intervals  of  comparative  quiet.  During 
the  early  part  of  this  complex  series  of.movements  in  the  region  under 
consideration  the  horizontal  compression  found  relief  in  the  formation, 
first,  of  simple  folds,  and  then  of  the  minor  thrusts.  Finally,  after  a 
conij)aratively  long  period  of  erosion,  the  strata  thus  folded  and  faulted 
were  displaced  upon  nearly  horizontal  planes,  producing  the  major 
tl) rust- faults  above  described. 

Post-Paleozoic  History  of  the  Region. 

The  history  sketched  above  is  recorded  in  the  rocks  of  the  region  and 
their  underground  structure.  The  post-Paleozoic  history,  on  the  other 
hand,  is  recorded  chiefly  in  its  physiography ;  in  the  forms  of  surface 
relief  and  drainage.  The  accomjianying  map  represents  too  small  an 
area  for  the  deciphering  of  this  later  history,  which  has  been  made  out 
from  a  study  of  the  entire  Appalachian  province.* 

Evidence  has  elsewhere  been  found  of  two  prolonged  periods  of  base- 
leveling  which  resulted  in  the  formation  of  extensive  peneplains.  The 
first  or  Cretaceous  peneplain  was  most  perfectly  developed,  but  has  been 
to  a  considerable  extent  destroyed  by  subsequent  erosion.  In  the  area 
mapped  the  few  remnants  of  this  plain  have  an  altitude  of  1,300  feet. 
They  are  found  in  the  crests  of  the  subordinate  ridges  forming  Indian 

•The  Geomorphology  of  the  Southera  Appalachians,  by  C.  Willard  Hayes  and  Marius  R.  Camp- 
bell.   Nat.  Qeog,  Mag.,  vol.  vi,  18&4. 
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and  Weisner  mountjiins,  while  the  main  summits  of  those  mountain?^ 
were  not  reduced  quite  to  the  level  of  the  Cretaceous  peneplain. 

The  second  or  Tertiary  peneplain  was  developed  only  on  aresis  of  com- 
paratively soft  rocks,  but  has  been  more  perfectly  preserved,  so  that 
considerable  remnants  are  found  in  the  region  mapped.  This  peneplain, 
like  the  preceding,  was  warped  as  it  was  elevated,  and  now  slopes  gently 
toward  the  northwest,  decreasing  in  altitude  from  more  than  900  feet  in 
the  vicinity  of  Cedartown  to  about  750  at  the  Coosa  river.  The  broad 
dolomite  area  between  Rome  and  Cedartown  was  nearly  reduced  to  ba.*i*- 
level,  though  the  more  silicious  portions  remained  as  low  hills  from  li>  > 
to  150  feet  above  the  peneplain. 

During  the  closing  epoch  of  the  Tertiary,  erosion  was  active  upon  the 
surface  of  this  peneplain,  and  the  Coosa  valley  was  lowered  about  14n 
feet  on  the  underlying  soft  shales,  only  a  few  low  hills,  as  the  one  on 
which  Center  is  located,  escaping  degradation.  Following  the  formatiun 
both  of  the  Tertiary  peneplain  and  the  subsequent  baseleveled  valky 
came  a  slight  depression  of  the  surface  probably  nearly  or  quite  to  sea- 
level.  At  the  same  time  the  carrying  capacity  of  the  upper  portion  nf 
the  streams  was  increased  either  by  steeper  slope  or  greater  volume,  .so 
that  they  brought  down  vast  quantities  of  gravel  which  they  deposited 
along  their  slackened  lower  courses.  These  are  the  high  and  low -level 
deposits  of  silt  and  gravel  already  described. 

Finally,  the  region  has  very  recently  been  slightly  elevated,  and  the 
Coosa  river  is  at  present  lowering  its  channel  in  the  last  fonued  baselevel 
valley.  Its  sinuous  course  is  inherited  directly  from  the  conditioiLs 
which  prevailed  during  the  deposition  of  the  low-level  gravels  when  the 
stream  was  overloaded  and  wandered  from  side  to  side  of  a  broad  deposi- 
tion plain. 

United  States  Geological  Survey, 

Washington,  D.  C,  April  9,  1894. 
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Introductory. 


Recent  investigations  upon  the  Laurentian  rocks  which  have  such  an 
enormous  development  in  Canada  have  shown  that  the  views  formerly 
held  as  to  their  structure  and  origin  must  to  a  large  extent  be  modified. 
This  change  of  views  applies  with  equal  force  to  the  theories  at  one  time 
put  forth  to  account  for  the  presence  of  certain  economic  minerals  for 
which  these  rocks  have 'long  been  celebrated. 

Rock  Groups  op  the  Region. 

Metamorphosed  Sedimentaries, — Prom  the  composition,  structural  ar- 
rangement and  general  relations  of  large  portions  of  that  great  rock 
system,  it  appears  that  certain  beds  found  therein  present  many  of  the 
features  peculiar  to  deposits  originally  sedimentary,  and  that  these  beds 

LXVII— Bull.  Oiol.  Soo.  Am..  Vol.  6.  1893.  (481) 
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through  extreme  processes  of  inetamorphism  have  been  changed  from 
their  original  condition  of  limestone,  sandstone  and  possibly  shale  int'j 
marble,  quartzite,  slate  and  gneiss.  Many  of  these  beds  are  regularly 
interstratified,  and  this  peculiarity  can  be  readil}'  seen  in  that  portion 
styled  by  Logan  '^  the  Grcnville  series."  In  many  places  throughout  th»' 
area  occupied  by  these  rocks  a  rejjjular  and  gradual  passage  is  traceable 
upward  from  the  silicious  into  the  calcareous  beds,  as  pointed  out  in  my 
paper  oil  the  Laurentian  read  before  this  Society  last  year. 

latruatives. — There  are,  however,  great  rock  masses  throughout  the  sv.s- 
tem  which  present  very  different  aspects  from  the  strat-a  just  mentioned, 
not  only  in  their  macroscopic  and  microscopic  characters  but  in  their 
relations  to  the  stratified  portions  as  well,  and  as  has  been  very  clearly 
pointed  out  by  the  observers  in  the  more  western  areas,  these  masses, 
often  of  large  extent,  are  clearly  intrusive,  and  consequently  of  uiorf 
recent  date  than  the  presumably  sedimentary  portion  with  which  they 
are  associated. 

This  peculiarity  of  intrusion  is  not  confined  to  any  particular  area, 
but  is  as  readily  recognized  in  the  district  north  of  the  Ottawa  river  an 
in  the  country  north  of  lakes  Superior  and  Huron,  or  further  east  along 
the  shores  of  Labrador,  though  over  some  areas  the  intrusive  masses 
have  a  much  greater  extent  than  in  others. 

Former  Errors  in  Identification. — The  intrusive  character  of  some  of 
these  rocks  was  clearly  recognized  by  Sir  William  Logan  and  other  early 
workers  in  this  difficult  fiield.     Certain  other  masses,  however,  more  par- 
ticularly associated  with  the  development  of  the  economic  minenUs. 
such  as  mica,  apatite,  graphite,  etcetera,  were  held  to  be  of  sedimentan' 
origin.     These  included  most  of  the  j)yroxenic  rocks,  the  quartz-felspars 
and  certain  of  the  syenites,  together  with  the.  anorthosites,  in  many  of 
which  a  certain  gneissic  structure  is  developed  through  the  agencies 
which  have  produced  the  general  metamorphism  of  the  system.     Hence 
many  of  the  mineral  deposits  which  oc-cur  in  these  intrusives  were  sup- 
posed to  occur  as  beds  and  to  have  their  origin  in  the  same  causes 
which  tended  to  develop  veins  of  mineral  matter  in  what  were  known 
to  be  true  sedimentary  rocks.     The  confusion  of  gneissic  sedimentary 
with  volcanic  rocks  and  the  placing  of  them  in  the  same  group  were 
very  natural  errors,  and  the  metamorphic  origin  of  many  of  the  granites 
and  syenites  is  still  maintained  by  many  earnest  workers  on  the  subject. 
This  view  applies  not  only  to  those  masses  found  in  the  Laurentian,  hut 
to  others  occurring  in  Quebec,  New  Bruns>vick  and  Nova  Scotia,  which 
have  generally  been  regarded  as  of  the  age  of  the  Devonian  or  the  clo^e 
of  the  Upper  Silurian,  and  in  which  a  gneissic  structure — ^a  structure 
clearly  induced  by  pressure — is  also  frequently  developed,  more  particu- 
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larly  along  the  margins  of  the  outcrops.  In  the  same  way  also  great 
a.reas  of  greenstone  or  dioritic  rocks  found  in  the  .Huronian  system  at 
various  places  have  at  some  time  assumed  the  character  of  chloritic 
sfhists. 

The  periods  of  folding  and  crumpling  by  which  these  changes  of  struc- 
tvire  were  produced  varied  in  different  localities.     Thus,  in  the  Lauren- 
tian  area  the  plications  resulted  from  agencies  which  acted  prior  to  the 
deposition  of  the  Potsdam  sandstone,  since  this  formation  flanks  the 
I^iurentian  rocks  in  a  horizontal  position  and  even  occurs  in  a  few  scat- 
tered outcrops  at  points  in  the  area  itself.     It  is  probable  also  that  many 
of  the  present  mineral-bearing  veins  or  dikes  were  developed  at  this  time, 
'w^hile  in  the  case  of  the  dioritic  and  syenitic  rocks  of  the  Eastern  Town- 
ships this  folding,  schistosity  and  overturning  were  subsequent  to  the 
Upper  Silurian  time,  since  fossiliferous  strata  of  that  age  were  involved 
in  the  crumpling  to  such  an  extent  as  not  only  to  impart  a  truly  schistose 
structure  to  the  fossiliferous  slates  themselves,  but  in  places  to  overturn 
them  so  completely  as  to  place  them  directly  beneath  the  slates  of  the 
C'ambro-Silurian  system. 

Thus  it  will  be  seen  that  the  hypothesis  which  assumed  that  the  greater 
portion  of  these  intrusive  gneissic  and  foliated  portions  of  the  system, 
though  in  places  this  foliation  is  lacking,  was  an  integral  portion  of  the 
sedimentary  series,  was  a  natural  one,  more  especially  when  we  find  that 
many  of  the  smaller  dikes  or  bands  of  pyroxene,  anorthosite  and  felspar 
have  been  intruded  along  the  bedding-planes  of  the  gneiss;  and  hence 
we  find  the  deposits  of  mica,  apatite,  etcetera,  frequently  described  as 
bedded  developments  of  these  minerals,  on  the  ground  that  the  pyroxene 
rock  was  also  sedimentary,  while  the  occurrence  of  apatite-bearing  bands 
in  certiiin  places,  in  unconformable  relation  to  the  sedimentary  gneiss, 
led  to  the  supposition  that  certain  of  these  deposits  were  vein-masses 
rather  than  beds. 

Minerals. 

Rock  Relfitions  determined  by  Miaerah. — The  many  openings  which  have 
been  made  in  the  apatite  and  mica  deposits  of  the  Gatineau  and  Lii^vre 
districts,  for  these  minerals  must  to  a  certain  extent  be  studied  together, 
have  facilitated  the  elucidation  of  this  problem  very  considerably,  and 
the  relations  of  the  associated  or  containing  rocks  can  now  be  made  out 
with  far  greater  exactness  than  in  the  days  before  the  great  value  of  their 
mineral  contents  was  discovered.  Thus  we  find  that  while  the  strike  of 
the  gneiss  and  limestones,  extending  over  many  thousands  of  square  miles, 
is  very  uniformly  north  to  north  15°  east,  unless  this  has  been  deflected  by 
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local  causes,  easily  recognized,  the  strike  of  the  pyroxene,  quartz-felspar, 
and  other  dike-like  intrusions,  is  often  nearly  at  right  angles  to  this,  but 
sometimes  varying  from  it  to  apparent  conformity  with  the  bedding  of  the 
stratified  rocks.  The  dip  of  the  gneiss  changes  frequently  from  the  eas^t 
to  the  west,  so  that  over  a  section  of  hundreds  of  miles  in  extent  the 
whole  series  is  found  to  be  in  a  succession  of  folds,  often  closely  placeil 
with  regularly  occurring  anticlinals  and  synclinals,  which  structure  is?, 
moreover,  wonderfully  confused  by  the  occurrence  of  numerous  faults 
and  overturns. 

Occurrence  of  Apatite  and  Mica. — It  has  been  already  pointed  out  in  a 
previous  paper  *  that  the  deposits  of  apatite  are  confined  entirely  to  the 
pyroxene  dikes  of  this  system,  and  that  the  mineral  occurs  for  the  mo:*t 
part  near  the  contact  of  these  dikes  with  the  gneiss  or  near  the  intersec- 
tion of  cross-dikes  of  intrusive  dolerite  or  felspar.     The  occurrence  of 
mica  in  these  rocks  presents  almost  identically  similar  conditions  to  the 
apatite  as  regards  its  presence  in  workable  quantity,  but  differs  in  this 
respect,  that  while  the  apatite  is  found  exclusively  in  pyroxenic  rocks, 
the  mica  is  often  associated  with  other  kinds  of  intrusives.     It  is,  how- 
ever, more  particularly  found  in  two  varieties,  namely,  the  pyroxene 
which  varies  greatly  in  color  and  hardness,  and  in  a  coarse  admixture  of 
clear  quartz  and  grayish  felspar,  which  is  generally  styled  a  p^raatite, 
and  which  contains  also  crystals  of  tourmaline,  garnet,  etcetera.     This 
quartz-felspar  rock  differs,  however,  very  greatly  from  the  usual  varieties 
of  p^matite  found  in  the  Laurentian,  which  is  usually  very  much  finer- 
grained,  and  occurs  generally  as  veins  intersecting  the  gneiss  as  one  ap- 
proaches the  great  masses  of  anorthosite  or  gabbro.    The  quartz-felspar 
those  of  pyroxene,  frequently  cut  the  gneiss  along  the  line  of  strike  of 
dikes,  like  the  latter,  but  its  intrusive  character  is  clearly  evidenced  in 
most  cases  by  the  sending  off  of  spurs  into  the  mass  of  the  gneiss  in  eon- 
tact,  as  well  as  by  the  fact  that  it  frecjuently  cuts  directly  across  the  gnei:^:^ 
and  intersects  the  pyroxene  as  well,  thus  showing  it  to  be  a  later  intrusion. 
Inclusions  of  the  grayish  or  reddish  gneiss  which  is  penetrated  by  the8:?e 
rocks  are  also  freiiuently  found  caught  in  the  mass,  both  of  the  pyroxene 
andfel  spar,  and  furnish  further  evidence  of  the  intrusive  character  of  these 
rooks.     In  some  places  tlie  presence  of  three  distinctly  intrusive  dikes  is 
recognized  in  the  same  opening,  the  oldest  being  the  pyroxene,  the 
second,  cutting  the  pyroxene,  is  a  quartz-felspar,  and  the  third  is  a  black 
trappean  rock. 

It  has  been  stated  by  some  writers  that  the  apatite  and  mica  occur  in 
the  Laurentian  limestone,  as  well  as  in  the  gneiss  and  pyroxene.    This 

*Cauadiftn  Mining  Rexiew,  Ottawa,  March.  189S.. 
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vie  w^  has  doubtless  arisen  from  an  imperfect  study  of  both  the  limestones 

iinci  pyroxene,  the  latter  in  the  earlier  stage  of  the  investigations  on  these 

rocks  being  regarded  as  a  peculiar  variety  of  the  sedimentary  gneiss 

formation,  as  already  pointed  out,  while  concerning  the  former  it  is 

found  that  in  many  of  the  pyroxene  dikes,  more  particularly  near  their 

cH>ntact  with  the  grayish  gneiss,  an  irregular  development  of  calcite,  gen- 

erixlly  of  pink  color,  occurs,  which  by  the  miners  is  styled  a  limestone, 

a.ii<l  has  thence  been  confounded  with  the  distinctly  dififerent  limestone 

formation  which  forms  the  upper  portion  of  the  Laurentian  system.     In 

no  case  can  this  calcite,  in  which  very  frequently  the  mica  crystals,  as 

well  as  crystals  of  apatite,  are  disseminated,  be  regarded  as  a  member  of 

tlie  sedimentary  or  stratified  Laurentian  series,  but  is  always  found  as 

an  irregular,  generally  i)ockety,  mass  in  the  intrusive  pyroxene. 

Mica-Apatile  Horizon, — The  horizon  of  these  deposits,  both  of  mica 
and  apatite,  can  now  be  very  clearly  defined.  They  are  for  the  most  part 
e<in fined  to  the  series  of  gneisses  which  constitute  the  upper  portion  of  the 
I^aurentian  silicious  rocks  and  which  underlie  the  limestone  proper. 
These  gneisses  are  generally  of  some  shade  of  grey,  with  reddish  grey, 
reddish  and  hornblendic  bands,  some  of  which  are  garnetiferous,  and 
nearly  all  of  which  contain  a  large  percentage  of  silica  in  the  form  of 
c|uartz.  These  beds,  as  already  pointed  out,  graduate  upward  by  regular 
passage  through  the  interstratification  of  calcareous  layers  into  the  mas- 
sive crystalline  limestone  formation.  In  the  Buckingham  and  Templeton 
areas  apatite  and  mica  are  rarely  found  in  dikes  cutting  calcareous  strata, 
but  in  the  Gatineau  area  several  localities  are  known  where  large  dikes  of 
pyroxene  in  limestone  carry  mica  in  workable  quantity. 

Mica  deposits  generally  occur  in  the  form  of  crystals,  some  of  which 
reach  an  enormous  size,  instances  being  lately  reported  of  single  crystals 
measuring  nearly  eight  feet  across  the  face.  These  crystals  sometimes 
occur  in  the  pyroxene  in  pockety  nuisses  distinct  from  each  other,  or  in 
somewhat  irregular  deposits  near  the  contact  of  the  enclosing  pyroxene 
and  the  gneiss  adjacent  or  as  scattered  crystals  through  the  mass  of  the 
dike  itself,  but  generally  near  the  contact.  In  many  cases  of  pyroxene 
flikes  where  the  mica  occurs  as  a  contact  deposit  near  the  gneiss  it  is 
found  associated  with  masses  of  pink  calcite,  some  of  which  are  but  of 
small  extent,  while  others  have  a  thickness  of  several  feet  and  are  tracea- 
ble for  some  yards.  The  mica  found  in  the  calcite  is,  as  a  rule,  in  well 
formed  crystals  disseminated  through  the  mass,  and  often  associated  with 
well  terminated  crystals  of  apatite.  In  some  cases  the  latter  penetrate 
the  former,  while  frequently  inclusions  of  calcite  or  apatite  are  found 
in  the  center  of  the  mica  crystal.  Of  the  mica  found  in  the  mass  of  the 
pyroxene  it  may  be  said  that  the  crystalline  structure  is  rarely  perfect. 
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Mode  of  Occurrence  of  the  Micas. — From  recent  observations  it  may  be 
stated  that  the  merchantable  micas  of  the  district  occur  under  six  prin- 
cipal conditions,  thus : 

1.  In  pyroxene  intrusive  rocks  which  either  cut  directly  across  the 
strike  of  greyish  or  other  colored  gneisses  or  are  intruded  along  the  line 
of  stratification.  Some  of  these  deposits  have  been  worked  down-ward 
along  the  contact  with  the  gneiss,  where  the  mica  is  most  generally  founci, 
for  250  feet,  as  at  the  Lake  Girard  mine,  and  irregular  masses  of  pink  cal- 
cite  are  abundant.  In  certain  places  apatite  crystals  occur  associated  with 
the  mica,  but  at  other  times  these  are  apparently  wanting.  As  in  the  case 
of  apatite  deposits,  mica  occurring  in  this  condition  would  apparently'  be 
found  at  almost  any  workable  depth. 

2.  In  pyroxene  rocks  near  the  contact  of  cross-dikes  of  diorite  or  fel- 
spar, the  action  of  which  on  the  pyroxene  has  led  to  the  formation  of  both 
mica  and  apatite.  Numerous  instances  of  this  mode  of  occurrence  art* 
found,  both  in  the  mines  of  apatite  and  mica,  the  deposits  of  the  latter  in 
certain  areas  being  quite  extensive  and  the  crystals  of  large  size. 

3.  In  pyroxene  rock  itself,  distinct  from  the  contact  with  the  gneLss. 
In  these  cases  the  mica  crystals,  often  of  large  size  but  frequently'  crushed 
or  broken,  apparently  follow  certain  lines  of  faults  or  fracture.  Some  of 
these  deposits  can  be  traced  for  several  yards,  but  for  the  most  part  are 
pockety.  Some  of  these  pyroxene  masses  are  very  extensive,  as  in  the 
case  of  the  Cascade  mine  on  the  Gatineau  river  and  elsewhere  in  the 
vicinity.  In  these  cases  calcite  is  rarely  seen  and  apatite  is  alino:?t 
entirely  absent.  When  cut  by  cross-dikes  conditions  for  the  occurrence 
of  mica  or  apatite  should  be  very  favorable. 

4.  Dikes  of  pyroxene,  often  large,  cutting  limestone  through  which 
subsequent  dikes  of  diorite  or  felspar  have  intruded  as  in  Hincks  town- 
ship. The  crystals  occurring  in  the  pyroxene  near  to  the  felspar  dikes 
are  often  of  large  size  and  of  dark  color,  resembling  in  this  respect  a 
biotite  mica. 

The  mica  found  under  the  conditions  stated  above  in  one,  two,  three 
and  four  is  all  amber-colored  and  of  the  variety  known  as  phlogopite  or 
magnesia  mica. 

5.  In  felspathic-quartzose  rocks  which  constitute  dikes  often  of  very 
large  size,  cutting  red  and  greyish  gneiss,  as  at  Villeneuve  and  Venosta. 
These  are  distinct  from  the  smaller  veins  of  pegmatite  which  occur  fre- 
quently in  the  gneiss  as  the  anorthosite  areas  are  approached.  In  this 
case  the  mica  is  muscovite  or  potash  mi(!a  and  is  invariably  found  in 
that  portion  of  tlie  dike  near  the  contact  with  the  gneiss.  The  crystals 
frecjuently  are  of  large  size  and  white  in  color,  associated  with  crystals 
of  tourmaline,  garnet,  etcetera,  but  with  no  apatite,  unless  pyroxene  is 
also  present. 
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Gth.  In  quartz-feispar  dikes  cutting  crystalline  limestone,  in  which  case 
the  crystals  are  generally  of  small  size,  mostly  of  dark  color  and  of  but 
little  value. 

In  the  case  of  the  amber  micas  this  peculiarity  was  noted  that  when 
the  pyroxene  was  of  a  light  shade  of  green  or  greenish  gray  and  com- 
paratively soft,  the  mica  was  correspondingly  light  colored  and  clear, 
and  in  some  places  almost  approached  the  muscovite  in  general  appear- 
ance. As  the  pyroxene  became  darker  in  color  and  harder  in  texture, 
the  mica  assumed  a  correspondingly  darker  tint  and  a  brittle  or  harder 
character,  and  in  certain  cases  where  dikes  of  blackish  hornblendic  dio- 
rite  were  present  the  mica  also  assumea  a  black  color  aj  well. 

Differences  observable  in  the  Mica-ApfUite  Deposits, — There  is  one  feature 
ohaerved  in  the  deposits  of  mica  and  apatite  which  is  not  yet  explain- 
able from  the  study  of  the  rocks  in  the  field.  Thus  in  the  apatite  mines 
along  the  Lievre  river  while  the  deposits  of  that  mineral,  are  sometimes 
very  extensive  and  can  be  traced  downward  for  hundreds  of  feet,  as 
jiroved  by  the  workings  of  the  North  Star  and  the  High  Rock  mines, 
the  occurrence  of  mica  in  quantity  with  tlie  apatite  is  rare,  though  in 
certain  areas  both  are  present.  In  the  Templeton  or  McGregor  Lake 
belt  of  apatite  mines  the  two  minerals  frequently  occur  together,  in 
quantity  sufficient  to  be  profitably  worked  in  both  cases.  Thus  at  the 
Blackburn  and  Jackson  Rae  mines,  the  former  especially  long  celebrated 
for  its  great  yield  of  apatite,  the  mica  also  occurs  in  considerable  quantity 
and  in  crystals  of  large  size  and  good  quality.  In  both  the  Lievre  and 
Templeton  areas  the  apatite  is  rarely  found  in  crystals,  occurring  for 
the  most  part  in  pockety  bunches  which  vary  in  size  from  insignificant 
de[)osits  to  masses  of  a  thousand  tons. 

In  the  Gatineau  area  the  quantity  of  pink  calcite  in  the  pyroxene 
becomes  much  greater.  There  is  very  often  an  admixture  of  mica  and 
apatite  crystals,  the  latter  in  quantity  sometimes  sufficient  to  be  worken 
profitably,  while  in  other  areas  the  mica  occurs  without  the  apatite 
or  with  the  latter  only  in  very  limited  development.  Very  often  quan- 
tities of  beautiful  crystals  of  pyroxene,  sphene  and  zircon,  occur  in 
in  these  deposits  with  the  mica.  Of  the  apatite  associated  with  the  mica 
in  the  Gatineau  belt  it  may  be  said  that  it  presents  generally  features 
distinct  from  that  occurring  on  the  Lievre.  The  reasons  for  these  dif- 
ferent modes  of  occurrence  and  association  are  not,  as  already  remarked, 
very  clear,  unless  it  be  due  to  some  feature  depending  upon  the  strati- 
graphical  relations  of  the  containing  beds  or  some  peculiarities  regarding 
their  exact  horizon.  The  difference  in  the  character  of  the  micas  them- 
selves is  presumably  due  to  the  difference  in  composition  of  the  con- 
taining rocks. 
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Mica  Tjocalitles. — As  regards  tlie  portions  of  the  Laurentian  froTii  whirh 
mica  may  be  obtained,  it  may  be  said  that  its  occurrence  in  econoniio 
quantities  is  now  known  at  certain  points  over  a  very  extended  area. 
Thus  in  Ontario  the  mines  of  Burgess  and  the  adjacent  townships  vieKl 
large  quantities,  generally  of  the  phlogopite  variety.  Along  the  Ottawa 
river  it  is  found  from  a  point  nearly  100  miles  west  of  Ottawa  to  the  towi.- 
ship  of  Grenville,  60  miles  east  of  that  city,  while  on  the  Gatineau  rivt^r. 
which  flows  into  the  Ottawa  at  the  city  of  Ottawa,  mines  have  l^een 
located  and  worked  for  80  miles  north  from  its  mouth,  and  the  naineral 
is  reported  from  points  many  miles  further  north  along  that  stream.  To 
the  east  of  Quebec  it  is  known  on  the  branch  of  the  Saguenay  called  tht 
Manouan  and  in  the  townships  of  Escoumains,  Bergeronnes  and  Tadour^- 
sac,  situated  east  of  the  mouth  of  that  river,  as  well  as  at  several  other 
places  along  the  river  Saint  Lawrence.  The  mica  found  in  this  district 
is  chiefly  muscovite. 

The  principal  areas  where  this  mineral  is  at  present  worked  are  in  tht 
belt  which  extends  from  North  Burgess,  in  the  province  of  Ontario.  a^>- 
proximately  along  the  strike  of  the  gneiss,  into  the  territory  adjacent  to 
the  Gatineau  and  Li5vre.  Over  much  of  this  area  south  of  the  Ottawa 
river  the  Laurentian  is  concealed  by  the  mantle  of  Cambro-Silurian  rm*kj? 
belonging  to  the  Ottawa  River  basin,  but  it  may  be  said  that  the  geologic 
conditions  and  the  stratigraphic  sequence  in  the  area  south  of  the  Ottawa 
and  in  the  rear  of  Kingston  are  the  same  as  those  found  in  the  mineral- 
bearing  belts  north  of  the  Ottawa,  and  that  the  most  favorable  condi- 
tions under  which  the  deposits  of  mica  and  apatite  may  be  looked  for 
occur  in  those  areas  occupied  by  the  upper  portion  of  the  Laurentian. 
where  traces  of  igneous  agency  are  visible  in  the  presence  of  dikes  of 
pyroxene  and  quartz-felspar,  though  it  should  be  stated  that  the  mere 
occurrence  of  these  in  the  gneiss  does  not  warrant  the  presence  of  either 
of  these  minerals. 
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Introductory. 


So  little  is  accurately  known  with  regard  either  to  the  topography  or 
the  geology  of  the  peninsula  of  I^ower  California  that  it  seems  desirable 
to  put  on  record  whatever  new  facts  may  be  learned  concerning  either, 
even  though  derived,  as  in  the  present  instance,  from  observations  made 
during  hasty  trips  into  its  interior  for  other  than  strictly  geological  pur- 
poses. 

Of  the  topography  of  the  peninsula  the  only  reliable  data  published 
are  found  on  the  charts  of  the  United  States  Hydrographic  Office  (the 
Narragansett,  1873-75,  for  both  coasts,  and  the  Ranger,  1887,  for  the  west 
coast),  which  give  the  immediate  coastline  and  topographical  sketches 
of  the  adjoining  country  for  a  few  miles  inland.*  The  few  maps  of  the 
interior,  whether  published  or  in  manuscript,  that  have  been  consulted 
show  so  much  discrepancy  with  one  another  and  witli  actual  natural 
conditions,  where  comparison  has  been  possible,  that  but  little  reliance 

^The  map  given  on  plate  19  is  copied  from  the  best  reduction  ma<le  by  the  United  Stjites  Coast 
and  Geodetic  Survey,  and  though  its  scale  is  too  small  to  show  details,  it  *erres  to  express  the 
general  outlines  of  the  coast  and  show  the  location  of  the  various  points  mentioned. 
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can  be  placed  upon  them.  Our  knowledge  of  the  topographical  struc- 
ture is  mainly  based  on  the  descriptions  of  the  few  intelligent  traveller? 
who  have  traversed  various  parts  of  the  peninsula. 

The  only  imporj^ant  publications  with  regard  to  the  geology  of  Lowt-r 
California  are : 

1.  That  of  W.  H.  Gabb  *  paleontologist  of  the  California  Geological 
Survey,  who  in  1867  traversed  the  entire  peninsula  from  cape  Saint 
Lucas  to  San  Diego  on  muleback,  crossing  it  ten  times  during  the  trip. 

2.  That  of  W.  Lindgren,t  who  in  June,  1888,  spent  a  few  weeks  in  tht^ 
vicinity  of  Todos  Santos  bay  (Ensenada)  and  the  mountains  to  the  ea^i 
of  it. 

Some  geological  notes  are  also  found  in  the  reports  of  tlie  Mexican 
boundary  and  Pacific  railroad  surveys,  the  latter  by  \V.  P.  Blake.  Rt^ 
ports  oh  mines  in  the  southern  part  of  the  peninsula  sometimes  contain 
geological  data,  but  they  are  rarely  accessible,  and  at  best  have  seldom 
more  than  a  local  bearing. 

The  original  observations  on  which  the  present  paper  J  is  founded 
were  made  by  Mr  Merrill  during  a  fortnight's  trip,  in  July,  1892,  from 
San  Quentin  on  the  west  coast,  in  latitude  30°  3(y,  to  the  deposits  of  Mex- 
ican onyx,  about  150  miles  distant,  a  little  south  of  latitude  30  and  near 
the  eastern  or  Gulf  coast ;  and  by  Mr  Emmons  during  a  stay  of  somewhat 
longer  duration,  mainly  at  the  property  of  the  New  Pedrara  Onyx  Com- 
pany above  mentioned,  including  overland  trii)s  thither  from  San  Quentin, 
and  from  the  quarries  across  the  peninsula  to  the  west  coast  between 
Bluff  and  Canoas  points,  in  latitude  21)°  30'. 

Since  that  time  there  have  appeared  papers  by  Mr  H.  W.  Fairbanks  § 
and  Professor  A.  C.  Lawson||  upon  the  geology  of  southern  California 
which  contain  facts  that  have  an  important  bearing  upon  the  structure 
of  the  adjoining  peninsula. 

Physical  Structure. 

The  peninsula  of  Baja  California  is  a  narrow  strip  of  broken  moun- 
tainous land  extending  roughly  from  22°  50'  to  32°  39  north  latitude, 
about  775  miles  long  and  from  35  to  70  miles  in  width,  with  a  general 
northwest  and  southeast  trend  parallel  to  the  larger  orographic  feature:? 

^*  J.  Ross  Brown  :  Min.  Ros.  of  the  U.  S.  for  1867,  Wiish.,  1868,  p.  63(J. 

vt  W.  Lindgren:  **  Notes  on  the  Geology  of  Baja  California-Mexico."  Proc.  Cal  AcHd.Sci.,  2d  »er., 
vol.  i,  1888,  p.  173.    Ibid.,  vol.  ii,  January.  1889,  p.  1.    Ibid.,  vol.  iii,  April,  1«90,  p.  26. 

Jin  this  paper  the  petrographical  determinations  were  made  by  Mr  Merrill.  Mr  Emmons  is 
alone  responsible  for  the  general  struotural  deductionM,  in  determining  which  lie  has  made  fre«> 
use  of  Mr  Merrill's  field-notes. 

g"The  validity  of  the  so-called  Wallala  beds  as  a  division  of  the  California  Cretaceous."  Am. 
Jour.  Sci.,  vol.  xlv,  June,  189a,  p.  473. 

I  "The  Post-Pliocene  Diastrophinm  of  the  Const  of  Southern  California."  Bull.  Univ.  Cal.,  vol  I, 
no.  4,  December,  1893,  p.  116. 
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of  the  Pacific  slope.  Its  coast  outline,  characterized  as  it  is  at  many 
points  by  long  sweeps  of  reentering  curves,  with  outlying  islands  and 
projecting  points  partly  enclosing  oval,  valley-like  basins,  is  at  once  sug- 
gestive of  a  partially  submerged  series  of  mountain  chains. 

The  peninsula  is  divided  by  Gabb  into  three  geographical  provinces : 
A  southern^  extending  from  cape  Saint  Lucas  to  beyond  La  Paz,  charac- 
terized by  irregular  granite  mountain  chains  up  to  5,000  feet  in  height, 
and  with  deep  valleys  containing  considerable  fertile  arable  land ;  an 
intermediate  desert  region,  characterized  by  tablelands  and  flat  topped 
ridges,  with  a  considerable  extent  of  interior  valleys,  and  with  isolated 
mountain  tops  and  ranges  projecting  above  the  general  mesa  level,  which 
rarely  reach  an  elevation  of  more  than  3,030  to  4,000  feet ;  this  region 
has  no  running  water  and  springs  are  very  scarce ;  a  high  northern  por- 
tion from  5,000  to  10,000  feet  above  sealevel,  forming  a  southern  contin- 
uation of  the  mountain  region  of  southern  California,  which  has  a  number 
of  running  streams  and  large  valleys  susceptible  of  cultivation,  while  the 
liigher  portions  contain  considerable  extents  of  pine  forests. 

The  limits  of  these  three  provinces  are  not  sharply  defined,  but  may 
he  taken  at  about  200  miles  in  longitudinal  extent  for  the  northern,  450 
miles  for  the  intermediate  desert  region,  and  100  miles  for  the  southern. 

North  of  the  national  boundary,  in  the  latitude  of  San  Diego,  Lawson 
recognizes  three  physiographic  provinces :  (1)  the  central  mountainous 
range  of  the  peninsular  Sierra,  (2)  the  Colorado  desert  on  the  east,  and 
(3)  the  coastal  slope  on  the  west,  locally  known  as  the  "  Mesa." 

The  Mesa  is  a  terraced  plain,  sloping  gently  upward  from  the  coast 
eastward  and  extending  12  to  18  miles  into  the  interior,  which  surrounds 
some  of  the  outlying  points  of  the  central  Sierra  that  project  above  it. 
Toward  the  desert,  on  the  other  hand,  the  mountains  present  an  abrupt 
escarpment  to  the  east,  and  the  desert  ])lain  is  in  places  depressed  below 
sealevel.  This  escarpment,  as  Lindgren  remarks,  lies  nearly  in  a  south- 
southeast  line  with  the  eastern  face  of  the  Sierra  Nevada,  with  which  its 
general  topograph iciil  form,  as  well  as  its  geological  structure,  more 
closely  allies  it  than  with  the  Coast  range. 

While,  therefore,  from  a  first  glance  at  existing  maps  it  might  appear 
that  the  depressions  of  the  Mohave  and  Colorado  deserts  and  of  the  Gulf 
of  California  were  the  normal  southern  extensions  of  the  great  depression 
of  the  San  Joaquin  and  Sacramento  valleys,  and  that  the  Peninsular 
range  was  therefore  the  normal  southern  continuation  of  the  Coast  range, 
there  is  some  reason  to  be  found  in  its  topographical  form,  and  still  more, 
as  will  be  seen  later,  in  its  geological  structure,  for  the  assumption  that 
the  peninsula  more  properly  represents  the  southern  extension  of  the 
Sierra  Nevada  uplift.    On  this  assumption  the  connection  between  the 
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two  would  be  afforded  by  the  various  en  echehn  ranges  known  as  the  San 
Jacinto  mountains,  San  Bernardino  mountains,  etcetei'a,  lying  to  the 
northward,  while  the  southern  extension  of  the  Coast  range  proper,  cut 
off  by  the  reentering  angle  of  the  coast  between  Santa  Barbara  and  Los 
Angeles,  would  be  represented  by  the  chain  of  islands,  Santa  Catalina, 
San  Clemente,  etcetera,  generally  known  as  the  Channel  islands,  lying 
off  the  coast  between  Los  Angeles  and  San  Diego. 

To  the  south  of  San  Diego  the  mountains  come  down  to  the  sea  and 
the  mesa  disappears,  being  only  represented  by  an  occasional  patch  of 
later  beds  which  have  escaped  erosion,  as  at  Sausal  and  Todos  Santos, 
60  miles  south  of  the  boundary.  At  Cape  Colnett,  in  latitude  31°,  a  strip 
of  mesa  again  forms  the  immediate  coast  and  widens  southward  toward 
San  Quentin,  in  latitude  30°  30',  which  is  assumed  to  be  about  the  limit 
of  the  northern  or  mountainous  province.  From  San  Quentin  south- 
ward, as  far  as  examined  by  the  writers,  the  mesa  structure  is  character- 
istic of  the  Pacific  coast,  the  tablelands  rising  to  a  height  of  one  to  two 
thousand  feet  at  comparatively  short  distances  from  the  sea  and  pre- 
senting bold  bluffs  of  sofl  horizontally  stratified  beds,  often  capped  l>y 
lava  flows,  which  are  evidently  wearing  away  rapidly  under  the  erosive 
action  of  the  waves.    % 

Lindgren,  as  a  result  of  his  observations  in  the  vicinity  of  Ensenada 
de  Todos  Santos,  divides  the  topographic  features  of  the  peninsular  Sierra 
into  three  sections : 

1.  The  Ooast  range,  or  the  first  orographic  block,  rising  gradually  from  the  sea  to 
an  elevation  3,000  feet  in  a  distance  of  20  to  30  miles.  Surmounting  this  are  sev- 
eral minor  ranges  and  sharp  peaks  attaining  an  elevation  of  3,000  to  4,000  fei't. 
A  rapid  descent  leads  from  the  divide  of  the  Coast  range  to— 

2.  The  Interior  vaUeySy  an  interrupted  series  of  depressions  in  the  middle  of  the 
chain  at  an  elevation  of  1,800  to  2,000  feet. 

3.  The  eastern  range,  or  second  orographic  block,  rising  rapidly  from  the  valleys 
and  continuing  as  an  almost  level  plateau,  with  a  gentle  sIojkj  up  to  the  penimsiilar 
divide  and  an  abrupt,  almost  i)recipit<)U8,  descent  to  the  desert.  The  elevation  of 
this  remarkable  plateau  is  from  4,000  Ui  5,000  feet. 

This  plateau  region,  which  supports  a  considerable  growth  of  pine 
forest,  extends,  according  to  the  meager  accounts  obtainable,  from  the 
boundary  southward  about  to  latitude  31°,  reaching  its  culminating 
point  in  the  high  mountain  mass  now  known  as  San  Pedro*  de  Martis, 
which  is  apparently  the  same  as  the  snow-capped  mountain  called  in 
the  Narragansett  report  ''Calamahue"  or  Santa  Catalina  (Caterina) 
mountain. 

The  area  examined  by  the  present  writers,  which  extends  15  to  30 
minutes  north  and  south  of  the  30th  parallel  of  latitude,  is  separated  by 
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11  considerable  gap  of  unknown  country  from  that  described  by  Lindgren. 
In  this  latitude  the  average  elevation  of  the  peninsula  is  about  2,000 
feet,  and  that  of  its  higher  ridges  may  be  taken  at  less  than  3,500  feet. 
It  is  a  singularly  arid  region,  having  practically  no  running  water  on  the 
surface  and  very  few  permanent  springs ;  nevertheless  our  experience 
lias  shown  that  properly  located  wells  obtain  a  fair  supply  of  water  at 
depths  of  20  to  60  feet.  The  climate  is  remarkably  equable  and  health- 
ful, being  but  little  warmer  than  that  of  the  coast  region  of  southern 
California  and  as  a  rule  much  drier.  The  diurnal  changes  of  tempera- 
ture are,  however,  very  great.  It  is  swept  by  continuous  breezes  from 
either  coast,  which  appear  to  blow  alternately  about  three  days  at  a  time, 
those  from  the  Pacific  being  laden  with  more  or  less  moisture,  while  the 
east  winds  are  extremely  dry.  Like  California,  it  has  a  rainy  season  in 
the  spring,  but  this  is  generall}'  but  of  few  days'  duration  and  extremely 
irregular  and  uncertain. 

The  most  striking  feature  to  the  traveller  from  the  jiorth  is  its  peculiar 
vegetation,  which  presents  but  few  familiar  species  among  a  wilderness 
of  strange  and  weird  forms.  It  consists  mainly  of  thorny  shrubs  and 
flowering  plants,  the  few  known  representatives  of  which  are  found  in  the 
dessert  valleys  of  Arizona.  Of  leaf-bearing  trees  which  might  constitute 
a  protection  against  the  powerful  rays  of  the  noonday  sun  there  is  an 
entire  absence.  A  few  isolated  palms  are  found  near  some  of  the  springs. 
Varieties  of  mesquite  and  yucca  are  common  along  the  bottoms  of  the 
larger  valleys.  The  most  imposing  plants  are  the  giant  cactus  (supposed 
to  be  the  Cereus  pringlei),  which  sends  its  branching  shafts  at  times  to  a 
height  of  30  feet.  The  endless  procession  of  these  in  some  long  valleys 
resembles  at  a  distance  the  relics  of  a  burned  forest.  Among  the  infinite 
variety  of  smaller  cactus  plants,  the  most  vivid  impression  is  retained  of 
the  one  known  to  the  Mexicans  as  the  "  choya,"  which  at  the  slightest 
touch  leaves  a  ball  of  spines  sharper  than  a  number  10  needle  deeply 
buried  in  the  flesh.  Agaves  are  most  abundant  next  to  the  cactus,  the 
dried  stems  of  the  dead  Agave  shami  being  often  thick  enough  to  resemble  a 
nursery  of  young  saplings.  The  most  singular  forms  are  what  are  locally 
known  as  ''  sirios  "  (Fouquleria  splendens  and  F.  columnaris),  which  often 
s^nd  their  bare  branchless  stems  30  to  40  feet  into  the  air.  More  like  a 
tree  is  the  low  branching  elephant  tree  (  Veatchi  cedrocenm),  seldom  more 
than  10  feet  high,  whose  bark  is  said  to  be  used  by  the  Mexicans  for 
tanning. 

This  whole  region  may  be  in  one  sense  considered  to  be  a  mesa  region, 
since  at  one  time  the  present  mesa  formation  extended  from  coast  to 
coast,  but  at  the  present  day  the  mesas  are  no  longer  continuous,  and 
erosion  has  disclosed  an  underlying  or  buried  topography  whose  general 
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features  show  considerable  analogy  with  the  more  northern  region  d(*- 
scribed  by  Lindgren.  The  mesa  belt  proper  adjoining  the  western  coast 
is  represented  by  a  series  of  plateaus  from  9(X)  to  2,000  feet  in  elevation, 
separated  by  the  deep  canyon-like  valleys  of  streams  that  drain  the  in- 
terior. Owing  to  the  soft,  crumbling  nature  of  the  beds,  the  escarpment^ 
are  very  abrupt  and  the  topography  has  something  of  the  character  of 
the  Bad  I^ands  of  the  Great  Plains. 

The  Coast  or  Western  range  is  represented  by  a  series  of  isolated  peaks 
or  ridges  rising  one  or  two  thousand  feet  above  the  general  mesa  level, 
which  are  partly  connected  together  by  flat-topped  ridges  baseleveled 
down  to  the  average  elevation  of  the  highest  portion  of  the  mesa  region, 
but  which  in  geological  structure  and  composition  belong  to  the  same 
system  of  uplift  as  the  higher  peaks. 

East  of  this  range  lie  the  interior  valleys,  broad,  level  or  gently  slop- 
ing plains  10  to  15  miles  in  width  and  with  an  elevation  above  sealevel 
of  1,800  to  2,200  feet,  bounded  and  traversed  by  mesa-topped  ridges  and 
with  occasional  sharp  peaks  rising  out  of  them.  These  interior  valleys 
all  drain. to  the  Pacific  through  gaps  in  the  Western  range  and  rise  gently 
to  the  eastward,  the  same  gentle  westward  slope  being  noticeable  in  the 
mesa-topped  ridges. 

On  the  eastern  edge  of  these  valleys,  at  a  distance  of  about  1 0  to  15  miles 
from  the  Gulf  coast,  a  most  sudden  change  in  topographical  structure 
takes  place.  The  broad,  level  plains,  in  which  the  drainage  courses  are 
so  shallow  that  their  direction  of  drainage  is  with  difficulty  recognizable, 
give  place  to  deep,  narrow,  tortuous  ravines,  descending  a  thousand  or 
more  feet  within  a  few  miles  of  the  mesa-topped  divide.  These  ravines 
wind  among  a  series  of  sharp,  jagged  peaks,  which  evidently  are  the  pro- 
jecting summits  of  an  older  and  partially  buried  mountain  chain.  The 
eastern  range  is  represented  in  part  by  the  summits  of  this  buried  range, 
in  part  by  a  series  of  isolated  table-topped  mountains  rising  to  an  eleva- 
tion of  3,5(X)  feet,  which  brings  them  above  the  summits  of  most  of  the 
sharper  i)eaks  to  the  eastward.  On  the  immediate  Gulf  coast  is  a  gently 
sloping  mesa,  of  varying  width,  at  the  base  of  the  eastern  range.  To  the 
south  of  the  region  visited  the  buried  mountains  rise  still  higher  than 
these  table-topped  mountains  and  send  out  spurs  to  the  westward,  which 
apparently  cut  off  the  interior  valley  in  that  direction.  To  the  north, 
on  the  other  hand,  about  10  miles  from  the  onyx  quarries,  they  do  not 
rise  above  the  level  of  the  interior  valley,  and  the  mesa-topped  ridges 
sweep  over  them,  descending  in  a  series  of  terraces  or  steps  to  the  Gulf 
coast. 

The  rocks  of  which  this  eastern  buried  range  is  composed  outcroj)  so 
frequently  in  the  bottom  of  the  interior  valley  that  it  is  probable  that 
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this  valley  rests  in  part  upon  a  plateau-like  shoulder  of  the  buried  range, 
and  that  its  form  was  not  unlike  that  of  the  granite  plateau  described  by 
Lindc^ren  in  the  latitude  of  Ensenada. 

From  Gabb's  descriptions  it  would  appear  that  a  similar  topographical 
structure  obtains  for  the  part  of  the  peninsula  stretching  south  from  lati- 
tude 29°  to  La  Paz.     The  eastern  range  has  for  the  most  part  a  mesa- 
topped  crest,  broken  here  and  there  by  projecting  ridges  which  stretch 
in   part  across  the  peninsula  and  separate  the  interior  valleys.     The 
interior  valleys,  set  off  successively  a  little  more  to  the  southward  and 
westward,  become  more  extensive  southward,  one  being  described  as 
stretching  from  La  Purissima  to  Todos  Santos  (of  the  south),  a  distance 
of  150  to  200  miles,  with  an  average  width  of  10  miles.    The  western 
ninge  is  apparently  still  more  indistinct  as  a  topographical  feature  and 
is  not  recognized  by  him,  but  the  western  mesa  region  is  spoken  of  as 
stretching  in  varying  width  from  Magdalena  bay;  in  latitude  24°  30',  to 
cape  Colnett,  in  latitude  31°. 

Geological  Structure. 
observations  by  previous  investigators. 

Before  giving  the  facts  observed  in  regard  to  the  geological  structure  of 
the  region  examined  by  the  writers,  it  may  be  well  to  give  a  brief  r6sum6 
of  those  ascertained  further  north  and  south  by  the  observers  already 
mentioned. 

Both  Fairbanks  and  Lawson  devote  their  attention  mainly  to  the  later 

formations  composing  the  coast  mesa  of  southern  California,  and  of  the 

interior  Sierra  it  is  only  stated  that  it  consists  largely  of  granite,  with 

some  small  areas  of  metamorphic  slates.     The  mesa  region,  according  to 

them,  consists  at  different  points  of  beds  of  the  Chico-Cretaceous,  Tejon- 

ICocene,  Miocene,  Pliocene  and  post-Pliocene  formations.     The  Chico  and 

Tejon  beds  are  found  in  the  high  peninsula  known  as  Point  Loma  and 

at  La  Jolla,  on  the  coast  immediately  north  of  San   Diego,  between 

which  they  are  folded  into  a  shallow  synclinal  and  are  overlaid  uncon- 

fonnably  by  a  late  Tertiary  conglomerate  3QQ  feet  thick.     Characteristic 

Chico  forms,  notably  Coralllochama  orcuMi,  occur  in  the  lowest  sandstone 

at  the  foot  of  the  cliff  of  Point  Loma,  and  typical  Tejon  forms  are  found 

at  a  horizon  estimated  at  1,200  feet  higher  and  apparently  comformable, 

though  there  is  no  direct  superposition.     At  the  highest  point  of  the 

anticline  at  La  Jolla  Cretaceous  beds  are  again  exposed  with  characteristic 

forms,  including  Baciditea  chicoeasis.     The  coast  northward  from  I^a  Jolla 

shows  400-foot  cliffs  of  the  Tejon  beds,  with  characteristic  Eocene  fossils 

at  the  base,  gradually  sinking  to  the  northward. 
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The  mesa  east  of  San  Diego  bay  is  formed  of  strata  carrying  Pliocene 
fossils,  of  which  60  species  have  been  determined  by  Dall.  IVIiocene 
strata  have  not  been  positively  recognized  here,  but  they  are  distinctly 
developed  around  the  Santa  Ana  mountains,  100  miles  to  the  north,  Bwi 
from  there  extend  westward  to  San  Pedro  hill,  on  the  coast  south  of 
Los  Angeles,  where  they  are  partly  covered  by  Pliocene  and  later  heds 
which  surround  the  base  of  the  hill.  They  are  doubtfully  recognize<i  in 
San  Clemente,  the  southernmost  of  the  Channel  islands,  and  along  the 
coast  southward  from  San  Pedro  are  gradually  replaced  by  the  Eooont 
(T6jon)  beds,  the  relations  between  the  two  series  not  having  been  cle- 
termined.  Miocene  strata  are  also  reported  from  the  western  border  uf 
the  Colorado  desert,  70  miles  east  of  San  Diego,  resting  unconformablr 
on  supposed  lower  Cretaceous  strata. 

The  upper  portion  of  the  "  Mesa  "  is  covered,  according  to  Ijawson,  by 
Pleistocene  sands  and  gravels  both  of  marine  and  of  stream  origin,  which 
extend  to  an  average  elevation  of  800  feet  above  sealevel,  marine  p<>5>t- 
Pliocene  fossils  having  been  identified  12  miles  from  the  coast.  Prom 
observations  on  the  numerous  terraces  observed  here  and  at  other  points 
further  north,  both  on  the  coast  and  in  interior  valleys,  he  deduces  a 
general  depression  of  the  region  during  Pliocene  times  and  a  post-Pliocene 
and  probably  recent  elevation  of  the  continental  margin  from  San  Diego 
to  San  Francisco  of  from  800  to  1,500  feet. 

At  Ensenada,  some  GO  miles  south  of  San  Diego,  Tiindgren  reports  a 
patch  of  coarse  yellow  sandstones  and  conglomerates  in  a  protected  angle 
on  the  south  side  of  Todos  Santos  bay,  which  have  hitherto  constituted 
the  southernmost  known  locality  of  the  Chico-Cretaceous  beds  and 
which  carry  fossils  of  the  new  genus  CoraJliochartia  considered  character- 
istic of  the  lower  or  Wallala  division  of  this  group.  The  beds  dip  l(i^ 
to  20°  to  the  northward,  and  are  partially  covered  by  post-Pliocene  san<is 
and  clays  containing  recent  shells,  which  are  also  found  at  Sausal,  on 
the  north  side  of  the  bay.  He  also  recognizes  several  terraces  and  in- 
distinct remains  of  beaches  reaching  a  maximum  elevation  of  500  feet 
above  sealevel,  indicating  a  recent  elevation  of  the  coast-line. 

Lindgren  surmises,  from  the  existence  of  sandstone  cliffs  at  cape  Col- 
nett,  70 'miles  south  of  Todos  Santos  bay,  and  from  the  resemblance  of 
the  mesa  sandstones  still  furtlier  south,  as  described  by  Gabb,  with  the 
Todos  Santos  occurrence,  that  the  former  will  be  found  to  be  of  Cretaceous 
rather  than  of  Miocene  age,  as  Gabb  somewhat  doubtfully  assumes. 

The  sei*tion  of  the  mountain  re;j:ion  from  Todos  Santos  eastward  ajj 
given  by  Lindgren  is  briefly  as  follows :  The  higher  hills  fonninj;  tlie 
coiist  range  to  the  north  and  south  of  Todos  Santos  bay  are  largely  cum- 
poseil  of  quartz-porphyrites  and  (luartz-hornblende-porphy rites  restini: 
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on  granite,  which  forms  the  floor  of  the  depression  in  which  the  town 
of  Ensenada  is  situated.  These  are  consequently  younger  than  the 
granite,  and  their  rolled  fragments  contained  in  the  Cretaceous  beds 
prove  them  to  be  of  pre-Cretaceous  age. 

On  the  immediate  coast  north  of  Sausal  are  recent  eruptions  of  basalt 
of  a  somewhat  unusual  type  which  carries  hypersthene  and  no  olivine. 
These  recent  flows  >extend  about  20  miles  northward  along  the  coast. 
The  granite  rocks  forming  the  floor  of  the  Ensenada  basin  are  shown 
by  microscopic  examination  to  be  more  properly  quartz-mica-diorites. 
About  twelve  miles  east  of  Ensenada  they  are  succeeded  by  a  belt  of 
nietamorphic  slates,  both  chloritic  and  micaceous,  standing  nearly  verti- 
cal or  with  a  steep  dip  to  the  east  and  associated  with  diabases.  It  is 
these  rocks  that  carry  the  gold  quartz  veins,  which  are  seldom,  if  ever, 
found  in  the  granites  that  surround  and  are  in  part  covered  by  them. 
They  strike  north-northeast  and  south-southeast. 

The  bottom  of  the  interior  valley  of  San  Rafael,  fifteen  miles  long  and 
about  ten  miles  wide,  is  GOO  to  800  feet  below  the  general  level,  a  sunken 
area  between  two  north  and  south  faults,  as  he  assumes,  with  knolls  of 
slates  and  granite  projecting  through  it.  A  short  distance  east  of  this 
valley  the  granite  hills  merge  into  a  gently  sloping  granite  plateau,  which 
rises  to  an  elevation  of  5,000  feet  and  at  one  point  is  capped  by  an  iso- 
lated patch  of  auriferous  gravels,  compared  by  Lindgren  to  the  auriferous 
gravels  of  the  Sierra  Nevada.  It  tlien  descends  abruptly  in  a  distance 
of  five  miles  to  the  level  of  the  Colorado  desert,  no  metamorphic  rocks 
being  visible  on  the  eastern  escarpment  at  the  point  examined,  but  flat- 
topped  mesas  of  volcanic  rocks  being  discernible  at  its  base  further  south. 

The  granite  of  the  i)lateau,  according  to  Lindgren,  is  a  white  coarse- 
grained hornblende  granitite,  or  granite  rich  in  plagioclase,  with  a  some- 
what dioritic  facies,  as  is  the  granite  in  the  latitude  of  San  Diego,  and 
resembles  that  of  the  Sierra  Nevada. 

He  considers  that  the  present  metamorphic  areas  are  small  remnants 
of  those  that  once  covered  the  granite  ;  that  the  great  eastern  escarpment 
is  formed  by  an  enormous  fault  of  comparatively  recent  date,  and  that 
the  auriferous  gravel  near  the  summit  of  the  plateau  is  part  of  an  old 
river  channel  that  has  been  cut  off"  by  the  fault  All  these  facts,  together 
with  the  long  western  slope  of  the  range  and  the  recent  volcanic  out- 
bursts at  the  eastern  foot,  constitute  a  close  parallelism  in  geological 
structure  between  the  peninsular  Sierra  and  the  Sierra  Nevada. 

From  Professor  Gabb's  description  of  the  desert  region  between  Jjsl  Paz 
and  Santa  Gertrudis  (latitude  28°  80'),  with  regard  to  which  his  notes 
are  more  complete  than  on  the  region  further  north,  which  he  apparently 

LX IX— Bull-  Geol.  Soc   Am.,  Vol.  5,  1893. 
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passed  over  more  hurriedly,  the  following  brief  outlines  of  the  geolojin^'^ 
structure  have  been  gleaned. 

The  most  prominent  geological  feature  is  formed  by  what  he  calls  the 
mesa  sandstones,  which  lie  for  the  most  part  in  a  comparatively  undis- 
turbed position  and  rise  gently  eastward  toward  the  summit  of  a  in€?s;i- 
topped  range  running  parallel  Avith  the  Gulf  shore,  then  descending  in 
an  abrupt  deeply  eroded  escarpment  for  10  or  15  miles  to  the  coast.     Th*/ 
long  interior  valleys,  the  most  southern  of  which  he  describes  as  extend- 
ing from  La  Purissima  to  Todos  Santos,  a  length  of  150  to  200  milt^, 
with  an  average  width  of  10  miles,  are  apparently  eroded  out  of  the  mesa 
sandstones.     These  sandstones  are  coarse  grained  and  highly  nietanior- 
phosed  along  their  eastern  edge  when  traversed  by  erui)tive  rocks.     They 
also  frequently  contain  eruptive  material,  pebbles  and  bowlders  of  eruj- 
tive  rock  sometimes  forming  the  bulk  of  their  material.    Over  these. 
sometimes  showing  direct  unconformability,  lie  fine-grained  argillacet^u^ 
sandstones  and  shales,  with  a  calcareous  and  highly  fossiliferous  stratum 
near  the  top  containing  casts  of  living  species  of  shells  which  he  con- 
siders of  post-Pliocene  age.     In  the  mesa  sandstones  no  fossils  were  found 
by  him,  but  from  a  few  fossil  oysters  sent  in  from  cai)e  Saint  Lucas  he 
assumes  a  probable  Miocene  age.     The  post- Pliocene  sandstones  usually 
lie  on  the  lower  margins  of  the  mesa  on  either  coast,  covering  the  erodoil 
mesa  sandstone  to  an  elevation  of  several  hundred  feet  above  the  sea- 
level,  and  are  more  continuous  on  the  west  than  on  the  east  coast,  ex- 
tending, according  to  him,  with  few  interruptions,  the  entire  length  of 
the  coast  from  Magdalena  bay  to  cape  Colnett.     The  mesa  structure  i? 
interrupted  at  various  points  by  cross-ranges,  of  which  the  most  notable 
is  the  recent  volcanic  belt  extending  westward  from  Los  Tres  Virgines  in 
latitude  27°  30',  and  a  mtiss  of  older  granite  mountains  near  the  exist 
coast  which  in  places  project  above  them  about  the  latitude  of  28^  and 
apparently  extend  up  to  the  southern  border  of  the  region  examined  by 
the  writers. 

Gabb  also  mentions  recent  gravel  formations  filling  the  lower  valleys, 
which  are  perhaps  more  recent  than  the  post-Pliocene  beds  and  which 
also  form  well  defined  terraces  northward  from  Todos  Santos  (of  tho 
south)  60  feet  high. 

Of  the  southern  point  of  the  peninsula  he  says : 

"All  thehigher  ridges  are  made  up  of  granites  and  syenites,  and  formed,  durinji 
the  deposition  of  the  heavy  Iwdded  mesa  sandstones,  an  island  of  i^onsiderablf 
height  and  very  irregular  outline." 

Associated  with  the  granites  are  mica  slates  which  apparently  form  the 
pountry  rock  of  the  metalliferous  veins  of  this  part  of  the  peninsula. 
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The  French  engineer  and  geologist  Ed.  Fuchs,*  in  reporting  on  the 
copper  deposits  of  Boleo,  on  the  ea.st  coast,  in  the  vicinity  of  Los  Tres 
Virgines,  described  a  gently  sloping  plateau  made  up  of  tuffs  and  con- 
glomerates, the  latter  with  calcareous  cement  and  fossiliferous.  The 
fossils  are  Cardium,  Pecten  and  other  bivalves  probably  of  late  Miocene 
or  early  Pliocene  age.  The  deposition  of  these  beds  was  preceded  by 
trachytic  eruptions  across  the  peninsula,  and  followed,  since  the  eleva- 
tion of  the  Boleo  plateau,  by  the  basaltic  eruption  which  formed  the 
neighboring  volcanic  peaks  of  Los  Tre.^  Virgines.  The  final  phases  in 
the  geological  history  have  been,  according  to  him,  the  diluvial  denuda- 
tion and  the  carving  of  the  modern  valleys. 

THE  MEQION  UNDER  CONSIDER  A  TION. 

General  Remarks  on  its  geological  Structure, — In  the  region  examined  by 
the  present  writers  the  feature  that  first  strikes  the  observer  is  the  pro- 
portionately great  influence  that  tbe  great  diurnal  changes  of  tempera- 
ture have  had  in  the  disintegration  and  abrasion  of  the  rocks  as  con- 
trasted with  the  action  of  water  which  plays  so  important  a  part  in  other 
regions.  The  gravels  resulting  from  the  disintegration  of  eruptive  rocks 
consist  mainly  of  angular  fragments,  and  each  fragment  is  found  to  con- 
sist of  an  aggregate  of  minerals  scarcely  at  all  discolored  by  oxidation 
and  differing  from  the  parent  rock  mainly  in  their  loosely  coherent  con- 
dition. The  steeply  upturned  and  highly  metamorphosed  beds  of  the 
older  sedimentary  rocks  weather  into  splintery  forms  and  thin  fragments 
of  arrowhead  shape,  whose  corners,  even  in  the  stream  bottoms,  are  bul 
slightly  worn.  On  the  other  hand,  the  rounding  of  the  massive  rocks, 
such  as  the  coarsely  crystalline  diorites  and  granites,  by  atmospheric 
action  is  even  more  marked  than  in  moist^r  regions ;  so  that  low  ridges 
just  projecting  above  the  valley  level  often  consist  of  bowlder-like  blocks 
resembling  a  train  of  erratics  or  parts  of  an  old  moraine.  The  manner 
of  distribution  of  the  great  accumulations  of"  sand  and  gravel  in  the 
broad  arroyos  and  larger  valle\'s  of  the  interior  show  that  they  have  l)een 
subjected  to  no  continuous  action  of  running  water,  but  only  to  occasional 
freshets  resulting  from  infrequent  and  local  rain-storms.  Except  on  the 
present  beaches,  where  they  have  been  exf)osed  to  wave  action  of  the  pres- 
ent ocean,  rounding  of  the  water-worn  pebbles  and  bowlders  now  found, 
which  are  almost  exclusively  of  massive  rocks,  must  evidently  be  as- 
signed to  some  earlier  geological  period,  modern  waters  having  only  had 
the  effect  of  slightly  concentrating  material  derived  from  the  disintegra- 
tion of  the  older  beds. 

•  Bull.  Soc.  Gool.  do  France,  3me  xiv,  1886,  p.  79. 
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It  is  only  within  comparatively  short  distances  of  the  present  coa.'^t- 
line  that  narrow  and  deep  canyon-like  ravines  are  found,  the  interior 
valleys  being  generally  broad  and  shallow,  with  very  indistinctly  out- 
lined stream  beds. 

For  purposes  of  geological  description  the  region  examined  may  1*' 
divided  into  the  coiist  or  mesa  belt,  the  western  range,  the  interior  valley, 
and  the  eastern  range.     The  immediate  Gulf  coast  was  not  visited.* 

Coast  or  Mesa  Belt, — This  area  has  an  average  width  of  10  to  15  mih^, 
and  in  it,  so  far  as  observed,  no  older  rocks  occur  than  horizontally 
bedded,  loosely  aggregated  clayey  sands,  sandstones  and  conglomerates 
of  which  the  lowest  horizons  carry  characteristic  forms  of  the  Chico-Crn- 
taceous.  In  a  higher  horizon  of  this  apparently  conformable  series  a 
characteristic  fauna  of  the  Tejon-Eocene  has  been  found,  and  in  still 
higher  beds  a  few  forms  of  probable  Miocene  age  were  observed.  None 
of  these  beds  show  evidence  of  any  considerable  disturbance,  though  in 
a  few  instances  dips  of  10°  to  15°  and  slight  displacements  with  a  throw 
of  only  a  few  feet  have  been  observed.  They  have,  however,  been  exten- 
sively eroded,  and  later  deposits  of  post-Pliocene  and  possibly  also  of 
Pliocene  age  have  been  deposited  upon  their  eroded  surface.  Recent 
eruptive  rocks,  both  acid  and  basic,  have  cut  through  them  and  in  placet* 
have  been  important  factors  in  shaping  topographical  forms  by  protect- 
ing the  softer  beds  from  erosion. 

The  best  exposures  of  the  lower  beds  were  found  between  Canoas  and 
Bluff  points  (see  plate  19),  where  they  present  perpendicular  bluffs, 
facing  the  sea,  from  a  few  hundred  up  to  nearly  a  thousand  feet  in 
height.  These  are  being  rapidly  undermined  and  eaten  back  by  the 
action  of  the  waves,  so  that  between  the  two  points  the  coast-line  form? 
a  bow-like  reentering  curve,  set  back  3  to  5  miles  from  a  line  drawn  bt- 
tween  the  points.  From  either  point  the  land  rises  in  a  series  of  steps 
or  broken  terraces  to  an  extensive  plateau,  cut  on  the  sea  faces  by  short 
narrow,  branching  ravines  and  presenting  in  general  continuous  bhitT 
faces  inland. 

Midway  in  the  reentering  curve  between  Canoas  and  Bluff  |X)ints  i^ 
the  Playa  Santa  Caterina,  where  is  a  gap  a  mile  or  two  in  width  between 
the  bluffs  bordering  the  ocean,  formed  by  a  broad  valley  in  which  are 
two  modern  stream  beds  draining  the  interior  region.  They  are  divide*! 
at  the  shoreline  by  a  flat-topped  ridge  of  Chico  beds,  near  the  top  of 

•On  plate  19  is  given  a  Keneralized  section  across  the  peninsula  on  a  Une  running approziroAt^lj 
from  Playa  Santa  <'aterina  through  the  onyx  quarries.  Topographical  features  at  some  disttAQr*; 
from  this  line  are  brought  in  to  illustrate  the  general  structure.  Though  not  drawn  to  srrale,  o«re 
has  been  taken  to  make  the  section  as  olo.se  an  approximation  to  nature  as  the  data  would  admit. 
Distances  were  estimated  in  travelling  to  and  fro  and  cheeked  by  rough  triangalations  roMt* 
with  a  prismatic  compass.  The  vertieal  scale  is  intended  to  be  about  four  times  Inrger  than  ti.e 
horizontal. 
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which  is  the  remnant  of  an  ancient  stream  bed  whose  bottom  is  now 
nbout  100  feet  above  tide-water,  and  which  is  filled  by  a  conglomerate  of 
large  bowlders  and  water- worn  pebbles  of  massive  rocks.  This  conglom- 
erate, which  is  cemented  by  lime  and  iron,  is  so  much  more  resisting 
than  the  soft  clays  of  the  Chico  fonnation  that  the  huge  bowlders  that 
fall  down  as  the  cliff  is  undermined  by  wave  action  form  a  point  pro- 
jecting out  several  hundred  feet  beyond  the  average  coastline.  These 
conglomerates  are  probably  of  the  same  age  as  those  which  are  found  at 
various  points  in  the  canyons  of  the  interior,  and  their  formation  evi- 
dently dates  back  to  a  time  when,  after  the  carving  out  of  the  general 
system  of  modern  drainage,  the  waters  of  the  ocean  reached  a  higher 
level  than  the  present  and  the  old  drainage  channels  were  partially  filled 
up  to  the  then  baselevel.  Subsequent  erosion,  while  cutting  down  to  a 
somewhat  lower  level  and  following  the  same  general  lines,  has  often 
eiiten  more  readily  into  the  softer  beds  at  the  sides  of  these  recent  con- 
t^lomerates  and  left  patches  of  them  still  standing,  which  sometimes 
form  one  wall  of  the  canyon  a  hundred  or  more  feet  above  its  present 
bottom. 

The  modern  stream  beds  from  Playa  Santa  Caterina  are  almost  at  base- 
level  for  some  ten  miles  inland,  at  about  which  distance  eruptive  rocks 
appear  from  under  the  Cretaceous  and  recent  beds,  and  then  rise  rapidly, 
reaching  an  elevation  of  about  1,500  feet  within  15  miles  of  the  coast,  on 
the  partly  buried  slopes  of  the  Coast  range. 

Both  in  the  broad  valley  and  on  the  mesa  slopes  are  relics  of  terraces 
which  evidence  a  successive  rising  of  the  land  above  the  ocean. 

The  lower  beds  exposed  in  the  bluffs  along  the  coast  have  a  gentle 
inclination  northward  and  southward  from  Sandstone  point,  about  three 
miles  north  of  Playa  Santa  Caterina,  where  massive  sandstones  form  a 
slightly  projecting  headland.  In  these  sandstones  carbonized  plant  re- 
mains, too  indefinite  for  identification,  were  found,  and  in  the  cracks  of 
the  immediately  overlying  sandy  clays  were  traces  of  petroleum.  From 
these  beds  and  from  calcareous  layers  about  200  feet  above  were  obtained 
the  following  forms  as  determined  by  Mr  T.  W.  Stanton : 

Area  hreicMana^  Gabb.  InoceramuSf  sp.  undetermined. 

liaruUks  dmoemisy  Trask.  Ammonites,  sp.  undetermined. 

TossfiroUu;  distorUi,  Gabb.  Ostreaj  sp.  undetermined. 

They  correspond  with  forms  found  in  the  Chico  beds  of  California  and 
Oregon. 

From  rolled  pebbles  of  impure  limestone  obtained  along  the  beach  to 
the  south  of  the  Playa,  which  had  evidently  fallen  from  the  cliffs  above, 
and  from  a  bed  of  similar  composition  in  place  at  what  was  assumed  to 
be  about  1,200  feet  higher  in  horizon,  at  San  Carlos  anchorage  (collected 
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by  Mr  A.  D.  Foote),  eight  miles  north  of  Bluff  point,  the  following  fonu- 
were  identified  by  Mr  T.  W.  Stanton : 

Card'Ua  plan\co»taia,  Lam.  Tellina^  sp.  undetermined. 

Leda  gaitbiy  Cf)nrad.  Tarr'Uellay  sp.  undetennined. 

Vrosyca  caiulala,  (jiibT).  Deiiialium^  sp.  undetermined. 

Xuculay  sp.  undetermined.  Crassatellay  sp.  undetermined. 
PectmiculnSj  sp.  undetermined. 

and  are  considered  by  hira  to  belong  undoubtedly  to  the  Tejon-E^ocenv. 

The  beds  carrying  Chico  and  Tejon  fossils  were  not  obaer\''ed  in  direct 
superposition,  but  from  the  negative  evidence  that  no  decided  uncon- 
formities were  detected  at  any  of  the  points  examined,  it  is  assunaed  that 
the  two  series  are  conformable,  or  that  in  any  case  no  considerable  dis- 
turbance of  the  strata  took  piace  between  the  times  of  their  respectivt- 
depositions. 

The  great  mesa  or  plateau,  15  miles  long  and  6  to  8  miles  in  width, 
which  extends  from  the  valley  of  Santa  Caterina  northward  be\'ond  San 
Carlos,  has  an  elevation  of  from  1,800  to  2,000  feet,  being  somewhat 
higher  at  the  northern  end.  The  greater  part  of  its  surface  is  apparently 
capped  by  basalt  flows,  which  have  protected  it  from  erosion.  From  a 
distance  can  be  distinguished  conical  points  rising  above  the  level  of  the 
mesa,  known  as  the  ''  Sombrero,''  the  '*  Hat,"  etcetera,  which  resemble 
recent  craters  in  general  form.  At  one  point  on  the  coast  fragraentsj  of 
the  basalt,  cemented  togetlier  by  crystalline  calcite,  have  fallen  to  the 
foot  of  the  bluff  in  huge  masses  and  form  a  projecting  point  on  the  coast- 
line. 

For  about  a  mile  beyond  Sandstone  point  the  beach  is  covered  with 
beautifully  rounded  pebbles  of  porphyries  and  a  great  variety  of  hard 
rocks,  mostly  older  eruptives,  whose  material  must  have  come  down  a 
ravine  which  drains  the  western  face  of  the  plateau  and  descends  very 
rapidly  from  its  summit.  As  no  such  pebbles  were  observed  in  the 
C'liico  or  T('jon  series,  nor  on  the  ])eaches  to  the  south  where  no  uppt-r 
beds  remain,  it  is  thought  probable  that  the  mesa  sandstones,  which  an^ 
characterized  by  an  abundan(;e  of  eruptive  material,  may  form  the  upper 
I)ortion  of  this  jdateau. 

Northward  from  San  Carlos,  as  seen  from  the  ocean  or  from  com- 
manding points  of  view  in  the  interior,  the  same  character  of  beds,  with 
their  characteristic  bad-land  topograi)hy,  extend  northward  to  the  Ri>- 
sario  ravine. 

The  hamlet  of  Rosario  is  situated  a  few  miles  from  the  sea,  in  this 
ravine  or  canyon,  which  extends  inland  for  some  10  or  15  miles  with 
very  gradual  rise  of  its  beds,  and  carries  a  small  stream  of  running  water 
that  in  dry  seasons  sinks  below  the  surface  sands.     The  cliffs  of  the 


GEOLOGICAL   STRUCTURE — WESTERN   RANGE.  503 

csxnyon  walls  are  eroded  into  castellated  forms  that  recall  the  huttes  at 
Oreen  river,  Wyoming,  familiar  to  travellers  on  the  Union  Pacific  railroad. 
Opposite  Rosario  the  beddinoj  planes  have  a  dip  of  15  degrees  to  the 
northeastward,  while  the  surface  of  the  mesa  is  quite  horizontal,  and 
from  the  pebbles  and  recent  shells  on  its  surface  evidently  represents  a 
nigher  level  of  the  ocean  waters,  which  have  baselevelled  it  at  about  1,000 
feet  above  present  sealevel.     For  a  few  miles  north  of  the  mouth  of  the 
liosario  canyon  the  bluffs  come  close  to  the  present  coastline  and  then 
gradually  retreat,  until  opposite  San  Quentin  they  are  about  eight  miles 
inland.     The  immediate  shore  is  first  a  terrace  about  200  feet  above  sea- 
level,  then  at  the  mouth  of  the  Sorrocco  valley  a  triangular  shaped 
(Quaternary  delta  hardly  50  feet  above  sealevel,  covered  with  rolled 
pe}3])les  and  recent  marine  shells.     The  older  beds  forming  the  mesa 
region  in  this  latitude,  though  not  markedly  different  from  those  between 
Bluff  and  Canoas  points,  contain  a  larger  proportion  of  conglomerate 
material  and  several  fossiliferous  beds  of  recent  looking  shells,  among 
which  were  recognized  Mytilus  ccdijoniianus  and  a  fragment  of  a  Pecten, 
like  P.  cerroseaais,  which  Dr  Dall  regards  as  indicating  a  probable  Miocene 
age.     These  are  the  beds  seen  by  Gabb  on  his  trip  and  called  by  him 
"  mesa  sandstones."     No  evidence  of  unconformity  between  these  and 
the  Tejon  beds  was  observed,  and  it  seems  probable  that  they  may  con- 
stitute the  highest  part  of  the  mesa  at  Bluff  point,  but  this  was  not 
<letennined  by  fossil  evidence. 

Northward  from  Sorrocco  river  the  bluffs  of  the  mesa  formation  retreat 
gradually  from  the  ocean,  and  at  San  Quentin  are  separated  from  it  by 
the  sandy  plains  of  Santa  Maria,  about  8  miles  wide  and  but  a  few  feet 
above  sealevel,  which  are  the  northern  continuation  of  the  depression  of 
the  bay  of  San  Quentin.  The  immediate  coastline  at  San  Quentin  is 
formed  by  a  group  of  six  conical  hills  of  basalt,  from  400  to  800  feet 
high,  which,  judging  from  the  uneroded  character  of  the  lava  flows  which 
have  issued  from  their  flanks,  must  be  of  very  recent  eruption.  One  of 
these  flows  extending  southward  about  seven  miles  forms  the  low,  narrow 
tongue  of  land  known  as  cape  San  Quentin.  It  is  evidently  the  superior 
resistance  of  these  hard  lavas  that  has  thus  far  protected  the  plains  of 
Santa  Maria  from  the  encroachments  of  the  sea. 

Western  Range, — In  the  present  topography  the  western  range  is  very 
ill  defined,  and  consists  of  a  number  of  irregular  ridges  and  isolated 
mountain  masses  15  to  20  miles  from  the  coast,  the  highest  summits  of 
which  are  probably  less  than  4,000  feet  above  sealevel.  Between  the 
peaks  are  broad  transverse  valleys  and  flat  topped  ridges  whose  higher 
summits  have  the  same  general  level  with  those  of  the  higher  plateaus 
of  the  mesa  region,  that  is,  about  2,000  feet.     Rounded  pebbles  and  an 
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occasional  fragment  of  recent  shelld  were  found  on  these  summits,  whi  1. 
strengthen  the  opinion  that  this  was  a  peneplain  of  recent  times,  pr  •  - 
ably  formed  at  the  time  of  the  greatest  submergence  since  the  deposit!' : 
of  the  mesa  sandstones. 

The  range  was  traversed  on  two  lines,  that  of  the  arroyo  of  Sa^tj 
Caterina,  shown  in  the  section  (plate  19),  and  that  of  the  Rosario  arroj  • 
The  riverbed  or  arroyo  of  San  Fernando  crosses  it  about  midway  1  — 
tween  these  two.  Near  the  mission  of  San  Fernando  is  a  consideraH' 
development  of  sedimentary  beds,  one  of  which  is  a  much  altered  hhi> 
limestone  containing  unrecognizable  fossils,  which  is  probably  eitlier  • 
early  Mesozoic  or  Paleozoic  age.  The  beds  have  a  steep  dip  to  the  ea>:- 
ward,  at  one  point  are  overturned  against  a  considerable  body  of  a«  i  I 
eruptives  and  diorite.  On  the  line  of  the  Rosario  arroyo  it  con>i-t- 
mainly  of  diabase,  with  acid  eruptives  and  diorites  on  their  eastern  flank 
the  latter  cut  the  diabases,  and  are  succeeded  on  the  east  by  an  extensive 
flow  of  rhyolite  capping  the  mesa  ridges  which  extend  out  into  the  il- 
terior  valley.  A  little  further  south  diorites  seem  to  form  the  main  ma-- 
of  the  flat  topped  ridges  which  here  represent  the  range,  and  which  a^ 
flanked  on  the  east,  at  the  border  of  the  mesa  region,  by  recent  tuffacei)ii- 
rocks  in  which  is  found  one  of  the  few  springs  of  the  region.  Alon«2r  th^- 
line  of  the  section  south  of  San  Fernando  diorites  again  predominau. 
and  in  these  occur  deposits  of  copper  sulphides,  one  of  which  has  been 
quite  extensively  mined. 

It  was  not  possible  to  determine  the  relative  age  of  all  the  varietie?^  >M 
eruptive  rock  observed,  but  the  older  eruptives  are  evidently  pre-C'hic<>, 
while  some  of  the  recent  eruptives  are  certainly  more  recent  than  ihv 
mesa  sandstones. 

The  rocks  described  above  as  acid  eruptives  are  compact  and  some- 
times brecciated  quartz- porphyries  of  greenish  and  brownish  colors,  at 
times  quite  aphanitic  and  again  showing  small  phenocr^^sts  of  feldspar 
and  more  rarely  quartz,  sufficiently  developed  to  be  recognizable  by  the 
naked  eye.  Chemical  tests  in  the  more  aphanitic  varieties  yield  70  to 
75  per  cent  silica. 

The  most  common  form  of  the  diorite  is  a  pinkish  gray  finely  granular 
rock  which  in  thin  section  shows  a  hypidiomorphic  granular  aggregaU- 
of  quartz  and  triclinic  feldspar  with  pale  green  hornblendes  in  part  or 
wholly  altered  to  epidote.  There  are  also  a  few  sphenes  and  the  usual 
iron  ores. 

In  the  upper  Santa  Caterina  valley,  which  crosses  the  range  diagonally- 
in  a  nearly  north-and-south  direction,  a  very  considerable  mass  of  under- 
lying granitic  rock  is  exposed  over  an  extent  of  about  10  miles  along  the 
bottom  of  the  valley,  which  apparently  grades  into  the  finer-graini\l 
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(liorites  surrounding  it.  Along  the  center  of  the  valley  a  low  ridge  of 
rounded  blocks  of  this  very  massive  rock  has  the  appearance  at  first 
glance  of  a  morainal  ridge  with  huge  erratics,  but  examination  shows 
that  the  rounded  forms  are  merely  the  result  of  weathering  under  the 
peculiar  climatic  conditions  of  the  region.  The  granite  is  an  even  grained, 
granular  rock,  thickly  studded  with  small  black  scales  of  mica  and  small 
hornblendes,  hi  thin  section  it  shows  a  hypidiomorphic  granular  aggre- 
gation of  quartz,  feldspars,  black  mica  and  deep  green  hornblende,  with  a 
sprinkling  of  iron  ores,  apatite  and  rarely  zircons.  It  resembles  the 
granites  of  the  Sierra  Nevada. 

Westward  along  the  line  of  the  section  this  granite  is  succeeded  by  the 
tiner-grained  quartz-mica-diorite  described  above,  and  then  by  a  belt 
several  miles  in  width  of  recent  eruptives,  which  form  low,  rounded  hills 
adjoining  the  mesa  region.  These  appeared  to  be  mostly  rhyolites,  and 
to  have  cut  through  the  sedimentaries  of  the  mesa  region,  though  it  was 
not  possible  to  obtain  unquestionable  evidence  of  the  latter  fact. 

On  the  east,  or  at  the  head  of  the  Santa  Caterina  valley,  capping  the 
flat  ridges  which  form  the  western  divide  of  the  interior  valleys,  was 
found  a  rather  remarkable  rock  of  the  hypersthene-andesite  type,  show- 
ing microscopically  small  olivines  and  white  feldspars,  with  occasional 
black  hornblendes  in  a  dark  gray  matrix.  In  thin  section  it  shows  a 
decided  andesitic  groundmass  of  au:5ite  and  plagioclase  microlites,  with 
the  usual  iron  ores  and  abundant  colorless  olivines,  pale  hypersthenes, 
small  pale  green  augites  and  an  occasional  dark  basaltic  hornblende 
with  black  border. 

Abundant  chalcedony  and  flint  concretions  with  dendritic  markings, 
constituting  the  popularly  known  moss-agates,  are  found  on  the  eastern 
slopes  of  these  ridges. 

Interior  VaUey, — The  interior  valley  which  was  visited  by  the  writers 
is  probably  that  designated  by  Gabb  as  the  plain  of  Buena  Vista.  In 
about  latitude  30°,  or  a  little  north  of  the  line  of  the  section,  its  width 
on  a  northeast-southwest  line,  or  at  right  angles  to  the  trend  of  the  pe- 
ninsula, is  over  fifteen  miles,  an  almost  level  plain  with  a 'slight  rise  toward 
its  eastern  rim,  which  rests  on  the  submerged  flanks  and  crests  of  the 
e«^stern  range.  Its  elevation  varies  from  about  2,000  feet  on  the  western  to 
2,300  feet  on  the  eastern  edge.  To  the  southward  its  width  is  contracted 
by  the  encroachments  of  the  bounding  ranges  which  send  out  spurs  or 
ridges  into  it,  and  in  the  far  distance  appear  to  merge  together.  The 
spurs  from  the  eastern  range  are  flat  topped  in  great  part  and  composed  of 
horizontally  bedded  material,  which,  where  examined,  consisted  largely 
of  volcanic  ash  carrying  abundant  fragments  of  basic  eruptives.  These 
are  evidently  the  mesa  sandstones  of  Gabb.     Those  from  the  western 
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range,  on  the  other  hand,  are  composed  largely  of  eruptive  rocks'  ai.  i 
appear  to  be  projecting  portions  of  the  older  mountains  laid  l)are  ^y 
erosion,  but  in  a  few  cases  are  mesa-topped  ridges  capj^ed  by  horiioiita! 
lava  flows  of  later  age  than  the  mesa  sandstones. 

To  the  north  the  valley  appears  to  grow  wider,  and  out  of  its  uiM- 
rise  a  few  conical  peaks,  the  most  prominent  of  which,  known  as  >a. 
Juan  de  Dios,  about  20  miles  north  of  the  line  of  the  section  lias  a  re- 
markably graceful  outline  and  a  probable  elevation  of  over  4,0C.>0  fetri 
It  is  composed  in  great  measure  of  eruptive  rocks,  among  which  feWitt. 
diabase,  liparite  and  basalt  were  recognized,  while  erosion  had  discloj^l 
on  one  side  an'  underlying  coarse  quartzite.  At  its  base  is  one  of  th* 
rare  springs  of  the  region.  Similar  peaks  are  seen  to  rise  out  of  tlr, 
plain  far  to  the  northward  at  probable  distances  of  10  to  15  miles  a]»an 

The  slope  of  the  l)road  stream  beds  in  the  lower  part  of  the  valley  i- 
80  imperceptible  that  the  direction  of  its  drainage  is  diflicult  to  deter- 
mine, but  aneroid  observations  indicate  that  the  portion  examiner!  h 
drained  through  the  gap  in  the  western  range  at  the  ruined  mission  <  f 
San  Fernando  (elevation  about  1,800  feet),  and  thence  probably  hy  tht 
San  Fernando  river  bed  to  the  Pacific  ocean.  Limited  portions  of  the 
eastern  edge  to  the  north  of  the  line  of  section  are  drained  by  deep  ami 
narrow  arroyos  of  more  recent  formation  into  the  gulf  of  California. 
The  present  bottoms  of  the  valley  are  occupied  by  recent  depositij  <'i 
porous  limestone  or  travertine  and  coarse  conglomerate  with  ciilcare<iu> 
cement  containing  rounded  fragments  of  both  eruptive  and  sedimentiirr 
rocks  in  great  variety  and  of  varying  size  up  to  several  feet  in  diameU^r. 
The  evidence  of  wells  which  get  water  in  the  lower  parts  of  the  vaUey 
at  40  to  60  feet  below  the  surface,  and  of  adjoining  mesas  in  the  valley 
which  afford  partial  sections  show  a  present  thickness  of  little  over  10" 
feet  of  these  beds,  but  their  elevation  in  shallow  ravines,  notably  the 
one  on  the  southeastern  edge  of  the  Buena  Vista  plain,  in  which  are  the 
New  Pedrara  onyx  deposits,  and  remnants  of  calcareous  conglomerate? 
remaining  on  the  flanks  of  the  bounding  ridges  at  other  points  indicate 
that  the  original  thickness  of  these  dei)osits  may  have  been  several  hun- 
dred feet,  and  that  the  greater  part  has  already  been  removed  by  eroj*ion. 
No  fossil  evidence  was  obtained  as  to  their  absolute  geological  age.  but 
the  character  and  position  of  the  deposits  indicate  that  they  were  Iai<^ 
down  in  an  enclosed  body  of  water,  probably  an  interior  lake,  of  com- 
paratively recent  date.  What  remains  of  these  beds  barely  server  ft' 
smooth  over  the  inequalities  of  the  underlying  mountains  whose  eoiu- 
])onent  rock  masses  often  outcrop  across  the  stream  beds,  especially  alonfr 
the  eastern  portion  of  the  valley.  Even  wliere  there  is  no  actual  oiitcri>l' 
the  appearance  of  freciuent  fragments  of  granite  or  sedimentary'  roek^',  J^^ 
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th  e  case  may  be,  indicate  that  these  rocks  are  to  be  found  in  place  near 
\>y  a,nd  not  far  from  the  surface.  In  some  cases  the  ground  is  whitened 
over  considerable  areas  by  the  abundant  small  fragments  of  vein  quartz 
rei^vilting  from  the  disintegration  of  the  underlying  slates. 

Tlie  relative  age  of  the  interior  lake  beds  may  be  assumed  to  bear 
soiTie  relation  to  that  of  the  calcareous  conglomerates  already  mentioned 
which  partially  filled  the  earlier  canyons  of  the  Pacific  slope.  After  the 
<lej>osition  and  subsequent  elevation  of  the  mesa  sandstones,  which  are 
iisHunied  to  be  of  late  Tertiary  age,  there  must  have  been  a  long  period 
of  erosion,  during  which  the  interior  valley  was  carved  out  and  drained 
through  the  deeper  canyons  running  to  the  Pacific  ocean.  This  was 
apparently  followed  by  an  extensive  submergence  of  2,000  feet  or  more, 
since  which  time  the  whole  peninsula  has  been  gradually  rising  by 
periodic  movements,  with  considerable  baseleveling  in  the  intervals.  J 

The  present  elevation  of  the  mesa-topped  ridges  of  the  western  range 
indicates  a  baseleveling  of  the  region  at  an  elevation  of  about  2,000  feet 
above  present  sealevel.  This  might  have  filled  up  all  the  outlets  of  the 
interior  region  across  the  western  range  and  admitted  of  the  enclosure  of 
a  body  of  water  up  to  that  level,  but  to  account  for  the  present  position 
of  the  deposits  on  the  eastern  side  of  the  valley  it  is  necessary  to  assunxe 
a  subsequent  differential  movement  by  which  that  side  has  been  raised 
a  few  hundred  feet  more  than  the  eastern  side. 

Eastern  Range. — The  older  or  buried  eastern  range  is  made  up  of  gran- 
ite and  gneiss,  with  highly  altered  sedimentary  strata  flanking  it  on  the 
northeast  which  stand  either  vertical  or  with  a  steep  dip  to  the  eastward 
and  strike  about  northwest,  or  somewhat  more  to  the  west  of  north  than 
the  general  trend  of  the  peninsula.  The  present  divide,  on  the  other 
hand,  follows  the  general  trend  of  the  coastline  at  a  distance  of  10  to  15 
miles  from  it,  and  is  marked  in  general  by  abrupt  escarpments  along  the 
eivstern  edge  of  the  desert  plain. 

To  the  north  of  the  limits  of  the  field  of  observation,  beyond  the  thir- 
tieth parallel,  the  summits  of  the  older  range  have  been  planed  off  and 
their  depressions  so  evenly  filled  up  l)y  the  more  recent  deposits  that 
they  play  no  part  in  the  present  topography  of  the  country.  To  the 
south,  however,  where  east  of  the  present  divide  they  have  been  denuded 
of  the  more  recent  deposits,  or  still  further  south,  where  they  were  never 
completely  covered  by  these  deposits,  they  form  conspicuous  and  strik- 
ing topographical  features,  in  marked  contrast  with  the  prevailing  hori- 
zontal lines  and  broad,  shallow  valleys  of  the  western  portion  of  the 
peninsula. 

In  the  northern  region  the  desert  plains  and  flat  topped  ridges  of  mesa 
sandstones  rise  very  gently  from  the  west  to  the  divide  line,  which  al- 


508      EMMONS   AND   MERRILL — SKETCH   OF   LOWER   CALIFORNIA. 

moat  invariably  presents  an  abrupt  escarpment  to  the  east,  overlo^jkir  .: 
a  region  deeply  scored  by  narrow  gorges  several  hundred  feet  in  depth, 
with  almost  vertical  walls.  Here  the  divide  line  is  marked  by  occasional 
isolated  table-topped  buttes,  capped  by  rhyolite,  which  rise  500  to  !,<**' 
feet  above  the  desert  level  and  serve  to  mark  the  original  level  of  tit 
mesa  sandstones,  which  have  been  protected  from  erosion  b}'  the  cafi  •  / 
more  enduring  rock.  These  rhyolites  are  generally  of  earlier  date  ih.ui 
the  lake  beds.  The  top  of  the  mesa  sandstones  as  thus  det43rmined  > 
about  3,000  feet  above  present  sealevel,  and  their  maximum  obserr*-'. 
thickness  800  feet.  Augite-andesite  flows,  apparently  of  more  recent 
date,  are  found  capping  intermediate  portions  of  the  divide.  The  ccm- 
trast  in  topographical  structure  between  the  regions  east  and  west  of  tije 
divide  is  here  less  marked  than  in  the  region  to  the  south,  as  on  l)ott 
sides  approximately  horizontal  lines  prevail.  The  surface  of  the  mc^si- 
topped  ridges  slopes  upward  toward  it  from  either  direction,  but  the 
slope  is  much  greater  on  the  eastern  side,  and  the  ridges  descend  towanf 
the  Gulf  in  a  series  of  step-like  terraces,  while  the  whole  eastern  region  i- 
deeply  scored  by  narrow  steep  sided  ravines  from  a  few  hundre<l  to  a 
thousand  feet  in  depth.  The  upturned  beds  of  the  metamorphic  serie? 
g^re  well  exposed  along  the  walls  of  these  ravines,  often  reaching  the 
surface  of  the  intervening  mesas.  They  are  also  seen  in  the  shallow 
stream  beds  of  the  desert  plains  on  the  west,  and,  as  already  remarked, 
often  outcrop  through  the  thin  covering  of  the  lake  beds  for  a  consider- 
able distance  out  on  to  the  desert. 

South  of  the  thirtieth  parallel  the  summits  of  the  buried  range  rise  gradu- 
ally, and  east  of  the  divide  are  completely  denuded  of  any  covering  of 
recent  beds  that  they  may  have  had.  They  also  spread  out  to  the  east- 
ward, approaching  more  and  more  closely  to  the  Gulf  coast,  and  south 
of  the  limits  of  the  field  of  observation,  or  20  miles  south  of  the  thirtieth 
parallel,  they  constitute  a  high  granite  range  extending  10  or  15  mile^ 
westward  into  the  interior  valley  and  effectually  cutting  off  any  view  ot 
the  country  beyond. 

The  region  in  the  vicinity  of  the  New  Pedrara  onyx  deposits,  a  tVff 
miles  south  of  the  thirtieth  parallel,  shows  well  the  general  structure  of 
the  eastern  range  as  presented  in  generalized  form  in  the  section  on  plat<i 
19  and  will  hence  be  described  in  some  detail. 

The  principal  onyx  deposits  are  situated  in  a  shallow  ravine  or  eastern 
arm  of  the  interior  valley,  between  two  ridges  of  mesa  sandstone,  at  an 
elevation  of  about  2,300  feet.  Since  the  denudation  of  the  granite  bed 
of  this  ravine  of  its  former  covering  of  mesa  sandstone  it  has  been  filW 
to  a  depth  of  about  a  hundred  feet  by  alternate  beds  of  travertine  and 
calcareous  conglomerate,  which  were  probably  contemporaneous  and  at 
one  time  continuous  with  the  lake  beds  of  the  interior  valley. 
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Tlie  winding  bed  of  the  modern  stream  cuts  into  the  travertine  de- 
]>t>sit,  exj)osing  at  one  place  a  cliff  of  over  20  feet  in  height,  showing 
three   distinct  layers  of  Mexican  onyx,  one  of  which  is  over  three  feet 
thic'k,  interstratified  with  the  travertine,  while  for  a  distance  of  nearly  a 
mile  down  the  ravine  sheets  of  the  more  resisting  onyx  cap  the  little 
travertine  mesas  on  either  side.     The  occurrence  of  the  onyx,  which  is 
a  thermal  spring  and  surface  deposit,  in  successive  layers,  separated  by 
travertine  and  resting  on  conglomerate,  indicates  a  probable  successive 
rise   and  fall  of  the  waters  of  the  lake  where  the  travertine  was  de- 
\)osited,  which  would  have  admitted  of  some  slight  erosion  of  the  deposit 
in  the  periods  when  the  lake  waters  had  temporarily  retreated,  a  hy- 
pothesis that  was  confirmed  by  the  finding  of  some  fragments  of  onyx 
in  the  upper  travertine  beds. 

At  the  head  of  the  ravine  the  travertine  beds  end  abruptly  in  an  escarp- 
ment, beyond  which  one  descends  rapidly  500  feet  through  winding 
ravines,  between  sharp,  jagged  ridges  of  a  metamorphic  rock,  to  the  bed  of 
the  Tule  arroyo,  a  winding,  V-shaped  gorge  which  runs  northward  about 
ten  miles,  then  northeastward  to  the  gulf  of  California,  draining  the 
whole  region  east  of  the  divide.  At  one  point  this  gorge  widens  out  into 
<|uite  a  valley,  in  which  are  travertine  deposits  about  50  feet  in  thickness, 
with  layers  of  onyx  in  the  upper  part.  Relics  of  the  thermal  action  are 
found  at  the  present  day  in  a  little  effervescent  spring,  known  as  the 
Volcan,  which  issues  from  the  top  of  a  dome-shaped  mound  of  calcareous 
tufa  in  the  narrow  bottom  of  the  ravine  before  it  opens  out  into  the  valley 
containing  the  travertine  deposits. 

These  travertine  deposits  are  entirely  isolated  and  have  no  present 
connection  with  those  of  the  interior  valley  to  the  east  of  the  divide, 
their  level  being  about  400  feet  lower  than  the  divide  where  the  nearest 
lake-bed  deposits  end.  The  similarity  of  their  composition,  their  rela- 
tions to  the  underlying  rocks,  to  the  onyx  formation,  and  to  modern 
erosion  all  suggest,  however,  a  common  origin  with  the  lake  beds,  and, 
if  once  connected  with  them,  there  must  have  been  a  differential  move- 
ment since  their  deposition  which  produced  the  present  difference  of 
level. 

Beyond  the  Tule  arroyo  to  the  eastward  arise  a  series  of  sharp,  jagged 
l)eak8,  which  attain  a  maximum  elevation  of  about  3,000  feet,  deeply 
scored  by  a  most  intricate  system  of  deep,  winding  ravines,  quite  im- 
passable except  to  foot  travellers,  and  which  are  in  most  striking  topo- 
grai)hical  contrast  to  the  level  valleys  and  plains  of  the  region  west  of 
the  divide.  Within  these  hills  at  various  points  are  placera  from  which 
the  Mexicans  obtain  considerable  coarse  gold  by  dry  wa.shing  during  the 
months  immediately  following  the  spring  rains.     At  other  seasons  there 
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is  not  enough  water  to  support  life.  They  are  comj)osed  of  distinctij 
stratified  sedimentary  beds  standing  on  edge  and  striking  northwet^l  a?**. 
southeast,  but  which  are  so  highly  metamorphosed  and  so  blacki'nt- 
and  splintc^red  by  the  weathering  of  this  arid  region  that  their  oriiriiu. 
character  can  no  longer  be  determined.  They  are  mostly  dark  silicioti-: 
slates  and  fine-grained  mica-schists.  Some  beds  have  all  the  extern:i, 
aj)pearance  of  limestones  in  their  granular  structure  and  thin  white  vt'in>. 
but  their  present  composition  shows  no  trace  of  lime  and  is  almost  en- 
tirely silicious.  They  are  traversed  by  well  defined  dikes  which  art 
also  intensely  altered.  A  specimen  from  one  dike  was  examined  niicr-- 
scopically  and  found  to  be  a  metamorphosed  clastic,  composed  of  irregu- 
larly notched  quartz  granules  with  sporadic  patches  of  pale  green  how- 
blende  and  considerable  infiltrated  calcite. 

Among  the  more  striking  rocks  in  this  metamorphic  series,  at  ih- 
northern  limits  of  the  area  observed,  was  a  fine  grained  hornblende  hk  k 
which  microscopic  examination  shows  to  be  probably  an  altered  diorife. 
The  groundmass  consists  of  an  aggregate  of  plagioclase  feldspar,  a|«- 
parently  anorthite,  wath  fibrous  hornblende  containing  inclusions  su;:- 
gestive  of  interpolations  of  hypersthene  and  diallage.  Associated  with 
this  was  a  grayish  massive  rock  thickly  studded  with  short  stout  cryst^ii:^" 
of  black  hornblende  2  to  5  millimeters  in  diameter  and  5  to  8  millimeUr:* 
in  length.  Microscopical  examination  shows  the  groundmass  to  be  a 
granular  aggregate  of  almost  colorless  augites  with  a  few  plagiocla<<' 
feldsj)ars,  an.d  the  rock  apparently  belongs  to  the  group  of  homblende- 
pyroxenites  of  Williams.  When  collected  these  rocks  were  supposed  to 
be  interstratified  with  the  metamorphic  series,  as  their  outcrops  had  the 
same  general  strike ;  the  result  of  microscopical  examination  indicate 
that  they  are  probably  altered  intrusive  sheets. 

'  The  flat-topped  ridge  of  mesa  sandstones  south  of  the  ravine  in  which 
the  j)rincipal  New  Pedrara  onyx  deposits  occur  is  thickly  strewn  with 
subangular  blocks  of  augite-andesite,  which  have  apparently  weatheri^l 
out  as  the  soft  ash  of  which  the  beds  are  composed  has  worn  away.  M 
the  eastern  extremity  of  this  ridge,  on  the  very  crest  of  the  divide,  is  u 
high  basalt-capped  mesa,  nearly  a  mile  in  diameter,  called  by  us  Klu/f 
l)oiut  It  has  an  elevatit)n  of  about  3,500  feet,  and  overtops  all  tin' 
highest  summits  within  a  radius  of  15  to  20  miles,  thus  offering  an  ad- 
mirable  point  of  view  from  which  to  study  the  physical  structure  of  thi* 
region.  The  biusalt  cap  has  an  aggregate  thickness  of  500  feet,  and  con- 
sists of  an  upjjcr  layer  of  dark  vesicular  olivine-bearing  rock  350  feet  in 
thickness  resting  on  150  feet  of  gray,  fine-grained  rock  containing  abun- 
dant large  crystals  of  olivine.  The  upper  layer  has  a  dark  smoky  ghis* 
base  with  the  usual  microlites  of  feldspar  and  augite  and  small  pheat»- 
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rry.sts  of  augite,  olivine  and  feldspar.  Between  these  flows  a  zone  of 
decomposition  several  feet  in  thickness,  colored  brilliant  red  by  peroxi- 
dation of  the  iron,  makes  a  prominent  line,  visible  from  a  great  distance, 
oi\  the  bluff  faces  which  almost  completely  surround  the  mesa. 

The  surface  of  the  mesa  has  a  gentle  slope  westward  and  ends  to  the 

eastward  in  an  almost  perpendicular  escarpment  overlooking  the  Tule 

arroyo  1,500  feet  below,  which  has  here  widened  out  into  a  considerable 

valley  that  drains  the  northern  slopes  of  the  White  range  far  to  the 

south.     Beyond  this  valley,  partly  cutting  off  the  view  of  the  gulf  of 

California,  lies  the  group  of  dark  rugged  i)eaks  of  metamorphic  slates, 

called  the  Volcan  Peak  group,  which  the  Tule  arroyo  almost  completely 

encircles  in  its  circuitous  course  to  the  sea.     Through  the  gaps  in  this 

rang:e  can  be  distinguished  the  pale  blue  waters  of  the  gulf  of  California, 

and  occasionally  portions  of  the  coast-line,  as  well  as  several  of  the  group 

of  small  islands  which  lie  a  few  miles  off  the  shore  in  this  latitude  and 

whose  abrupt  outlines  show  them  to  be  probably  projecting  points  of 

the  buried  metamorphic  ranges. 

The  arms  of  the  interior  valley  which  lie  to  the  south  and  west  of  the 
Bluff  Point  mesa  have  -a  floor  of  granite  which  is  entirely  denuded  of 
the  mesa  sandstone  covering  and  of  the  lake  beds,  if  the  latter  ever 
covered  it.  The  granite  is  a  light  gray  rock  of  normal  type,  consisting 
of  two  feldspars,  quartz  and  both  white  and  brown  mica.  Hornblende 
was  not  observed.  From  general  appearance  and  association  it  would 
appear  to  be  a  distinct  and  older  rock  than  that  fpund  in  the  westefn 
range.  To  the  south  of  these  valleys  the  White  range,  composed  of  the 
same  granite,  stretches  some  10  or  15  miles  east  and  west  across  the 
peninsula  and  apparently  cuts  off  in  great  measure  the  interior  valley  in 
this  direction.  As  no  contacts  were  found  it  was  impossible  to  determine 
the  relative  age  of  the  granite  and  the  metamorphic  series. 

Circumstances  rendered  it  impossible  to  visit  the  Gulf  coast,  in  spite 
of  its  being  probably  less  than  fifteen  miles  distant  in  a  direct  line,  but 
the  different  distinct  views  obtained  of  it  showed  that  a  strip  of  mesa 
land  most  everywhere  separates  the  foothills  of  the  buried  ranges  from  it, 
which  would  seem  to  be  parts  of  the  same  series  of  deposits  that  have 
been  designated  the  mesa  sandstones. 

No  direct  evidence  was  obtained  either  for  or  against  the  hypothesis 
that  the  Chico  and  T^jon  beds  once  stretched  entirely  across  the  peninsula. 
Nothing  that  could  be  lithologically  identified  with  them  was  detected 
in  the  region  examined,  and  no  organic  remains  whatever  were  observed 
in  what  were  called  the  mesa  sandstones ;  still,  the  negative  evidence, 
combined  with  the  impression  derived  from  the  general  structure  of  the 
region,  has  given  to  the  writer  a  strong  feeling  that  these  earlier  beds 
were  confined  to  the  western  coast  belt. 
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General  Conclusions. 

In  comparing  the  thirtieth  parallel  section  of  the  Lower  CalifomL 
peninsula,  as  indicated  by  the  above  noted  observations,  with  that  tit- 
scribed  by  Lindgren  near  the  thirty-second  parallel,  the  most  strikin; 
fact  is  the  parallelism  in  structure  of  the  older  p re-Cretaceous  mounUiifi 
mass.  In  either  case  there  is  an  eastern  uplift  of  granite  and  metanmr- 
phic  slates,  and  a  western  one  composed  largely  of  eruptives  probably  .1 
more  recent  age  than  the  granite.  The  sedimentary  beds  or  inetanio:- 
phics,  with  their  associated  intrusives,  bear  evidence  of  intense  d ynaini' 
action  and  consequent  alteration,  and  of  long  continued  erosion  ar.«l 
degradation.  That  they  have  been  to  a  much  greater  extent  reniovfl 
in  the  higher  northern  region,  and  that  the  underlying  granite  conM- 
quently  occupies  a  so  much  larger  proportion  of  the  exposed  surfaces,  i- 
in  so  far  an  evidence  that  the  relative  difference  of  level  of  the  two  regi*>n- 
had  existed  prior  to  the  Cretaceous  transgression,  which  left  the  northern 
region  exposed  to  continuous  degradation,  while  it  protected  the  south- 
ern region,  so  that  its  present  conditions  beneath  the  covering  of  mure 
recent  beds  represent  those  which  might  have  prevailed  in  the  northern 
region  before  that  time. 

The  petrographical  parallelism  between  both  sedimentary  and  eruptive 
rocks  of  the  respective  regions  is  also  very  close,  except  in  the  case  of  tljt- 
granite  of  the  western  uplift,  but  the  examination  of  the  southern  granite 
body  was  so  superficial  that  one  is  hardly  justified  in  considering  thi> 
apparent  difference  as  essential.  The  raetamorphic  slates  in  either  region 
are,  moreover,  gold-bearing  and  the  granite  apparently  not.  The  eastern 
escarpment  in  either  case  represents  a  probable  line  of  displacement,  but 
in  the  southern  region  it  is  less  sharply  defined  and  may  have  het-n 
distributed  over  several  lines  of  faulting.  The  evidence  is  here  rather 
opposed  to  Lindgren's  assumption  that  the  great  uiovement  is  of  very 
recent  date,  since  the  present  position  of  the  recent  beds  on  either  sitie 
of  the  divide  indicates  a  relative  change  of  level  since  their  deposition 
that  is  to  be  measured  by  hundreds  rather  than  thousands  of  feet. 

On  the  other  hand,  the  general  deduction  that  the  depressed  aresi  of 
the  gulf  of  California  and  its  continuation  in  the  dasert  valleys  to  the 
north  bears  the  same  relation  to  the  Peninsular  Sierra  that  the  Great  ba^in 
does  to  the  Sierra  Nevada  appears  to  be  borne  out  by  what  is  known  of 
the  geneml  structure  of  the  former ;  and  if,  like  the  Great  basin,  this  Jt 
present  depressed  area  was  once  relatively  higher  than  that  which  now 
constitutes  the  mountain  range,  it  would  have  formed  a  barrier  in  the 
ancient  ocean  which  would  account  for  the  faunal  differences  whi«li 
appear  to  prevail  between  the  Cretaceous  life  as  now  known  on  the 
Pacific  coast,  and  in  Mexico  and  Texas. 
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Xlie  little  that  is  known  of  the  structure  of  the  underlying  or  pre- 
LVetaceous  mountain  system  of  the  peninsula  seems  to  indicate  that  its 
lsir«;er  general  features  have  an  en  echelon  character  that  is  so  common 
among  the  larger  chains  of  the  Cordilleran  system  of  which  the  Colorado 
Front  range  of  the  Rocky  mountains  is  a  most  striking  example.  In  the 
present  case  the  chain  taken  as  a  whole  has  a  north-northwest  trend, 
while  its  component  mountain  ridges  have  a  trend  of  about  northwest, 
with  considerable  depressions  or  bays  opening  out  to  the  northwest  be- 
tween the  overlapi)ing  ends  of  these  ridges. 

In  the  gradual  submergence  which  followed  the  period  of  folding  and 
t^rosion  that  culminated,  according  to  the  latest  evidence,  about  the  close 
of  tVie  Jurassic  time,  the  first  Cretaceous  beds  would  have  been  deposited 
ill  the  bottoms  of  these  longitudinal  depressions,  Jind  if  they  grew  shal- 
lower or  were  closed  to  the  southeast  by  the  saddles  between  the  echelon 
riiljres  along  the  main  divide,  the  earlier  beds  would  have  been  confined 
to  the  region  west  of  the  divide,  even  if  the  larger  area  to  the  east  of  the 
di  vi«le  had  already  commenced  to  sink.     If  the  continental  submergence 
continued,  as  it  evidently  did  in  Lower  California  up  to  near  the  close 
of  the  Tertiary,  the  later  deposits  might  have  extended  entirely  across 
the  i>eninsula  without  showing  any  evidence  of  discordance  or  want  of 
<M>nti unity  with  the  earlier  beds. 

An  examination  of  the  shore  platform  or  limit  of  the  100  to  200  fathom 
curve  around  the  coast  of  liower  (California,  which  is  generally  regarded 
ius  the  proper  dividing  line  between  the  continental  and  oceanic  areas, 
s[)o\vs  that  the  ])eninsula  is  a  very  narrow  mountiiin  mass,  descending 
generally  to  the  southward  an<l  probably  dying  out  entirely  in  the  Pacific 
ocean  to  the  west  of  the  coast  of  Mexico.     On  the  east  the  gulf  of  Cali- 
fornia, north  of  the  straits  formed  ])y  the  great  islands  of  Tiburon  and 
Ani^el  de  la  Guardia,  belongs  to  the  shore  platform  or  forms  part  of  the 
valleys  to  the  north,  having  no  depths  below  200  fathoms,  while  south  of 
these  straits  its  bottom  drops  rapidly  to  5,000. feet.     On  the  west  coast 
tlie  l()0-fathom  line  follows  a  comparatively  direct  course  from  headland 
to  headland,  disregarding  the  great  rel^itering  curves  like  Viscaino  bay, 
while  oceanic  depths  of  1,000  to  1,500  fathoms  are  fimnd  witliin  20  to 
oO  miles  seaward  from  these  headlands.     Between  the  headlands  the 
pn^sent  coa.stline  shows  a  tendency  to  form  loops  opening  out  to  the 
northwest,  which  sugge.-5t  the  en  echelon  depressions  in  the  prc-Cretaccous 
to[)ography  alluded  to  above,  and  which  would  bear  a  closer  resemblance 
to  their  form  had  not  recent  eruptions  of  volcanic  rocks  interfered  with 
the  uniform  degradation  of  the  soft  beds  which  were  deposited  in  them. 

The  first  depression  south  of  the  international  boundary  is  the  very 
Htnall  one  at  Todos  Santos  bay,  in  which  but  a  small  remnant  of  Chico 
I)e<ls  remain.     From  there  to  cape  Colnett  the  older  rocks  form  the  im- 
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mediate  coast.     From  cape  Colnett  the  flanks  of  the  buried  range  aj^p-^r 
to  follow  a  due  southeast  course,  leaviut;  a  graduall}"  wideiiini^  belt  ". 
('retaceous  be<ls  between  them  and  the  coast,  which  has  been  pr<>t<^;t'' 
from  recent  erosion  by  the  lavas  of  San  (iuentin  and  similar  phenomeii.i 
Soutli  of  Canoas  point,  if  the  southeast  direction  were  strictU'  follow  hi 
the  Hanks  of  the  1)uried  range  would  approach  nearer  to  the  prexni 
coast-line  as  Viscaino  bay  widens  landward,  and  the  shore  topogra|4.;. 
given  on  the  hydrographic  charts  would  indicate  that  this  is  the  c-l-^- 
The  chara(*ter  of  the  southeastern  shores  of  Viscaino  bay  indicate  tit  i: 
the  dejiression  extends  for  a  considerable,  though  unknown,  distiinfc  i 
that  direction.     On  the  southwest  of  Viscaino  bay  is  another  uplift  - 
older  rocks,  the  projecting  summits  of  a  second  buried    ridge  whi^ 
culminating  j)oints  form  Benito  and  Cerros  islands  and  the  coastline  a: 
j)oint  San  Eugenio  and  for  some  distance  southward. 

In  the  next  reinitering  curve,  around  and  beyond  Ballenas  Iwiv,  th'. 
coast  is  again  a  low  mesa  country,  presumably  of  Cretaceous  and  mon' 
recent  l)eds,  which  may  be  part  of  the  Viscaino  bay  depression  or  an 
independent  one  set  off  a  little  to  the  south  westward.  Caleb's  descrii»- 
tions  indicate  that  tlie  dej)ression  extends  a  long  distance  south  east  wan  1. 
and  the  map  shows  it  to  be  on  the  line  with  the  bay  on  the  Gulf  eoa>t 
north  of  La  Paz. 

At  cape  San  Lazaro  and  in  the  islands  outside  of  Magdalena  bay  is  a 
third  projecting  ridge  of  older  rocks  which  may  form  part  of  the  uplift 
at  the  extreme  end  of  the  peninsula  south  of  I^a  Paz. 

Diller  and  Stanton  *  have  shown  that  the  Chico  and  Tejon  format ioun 
formerly  considered  conformable  and  part  of  a  continuous  series,  are  se\t- 
arated  by  a  marked  unconformity  in  northern  Cahfornia  and  Oregon. 

Whether  representatives  of  these  lower  formations  exist  in  lAywev 
California  can  only  be  determined  by  further  exploration.  The  To.]o> 
Santos  beds  of  the  Chico  would  seem  from  their  fauna  to  be  of  lower 
horizon  than  those  between  Bluff  and  Canoas  points.  On  the  <»tlur 
han<l,  probably  several  hundred  feet  of  these  beds  are  below  sealevel  at 
the  latter  locality  and  probably  form  tlie  floor  of  Viscaino  bay. 

The  fiict  that  since  Creta(»eous  times  these  formations  seem  not  t^)  havf 
bi^en  Hexed  and  altered,  as  they  have  been  in  the  Coast  range  of  Calif' ►r- 
nia,  l)ut  occur  almost  in  the  attitude  of  deposition,  renders  the  peninsula 
a  most  favorable  point  for  their  study,  except  for  its  inaccessibility. 

Since  the  great  depression  near  the  close  of  Tertiary  tinn\s  our  observa 
tions  go  to  show  that  the  whole  peninsula  has  taken  part  in  the  conse<'U- 
tive  movements  of  elevation  which  have  been  outlined  by  Mr  Lawson 
for  southern  California,  though  they  were  not  sufficiently  exact  to  <U^ 
termine  an  actual  correspondence  in  the  number  or  altitude  of  the  dif- 
ferent terraces  formed  during  the  progress  of  this  elevation. 

♦Bull.  Oool  Soe.  of  Am.,  vol  v,  p.  430. 
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Previous  Studies. 

The  previous  studies  of  the  Triassic  formation  of  Connecticut,  carried 
on  by  the  senior  author  of  this  paper,  with  the  aid  of  several  assistants 
(luring  various  summer  vacations  for  the  United  States  Geological  Sur- 
\'ey,  as  well  as  independently  during  successive  sessions  of  the  Harvard 
summer  school  of  geology,  have  been  reported  upon  at  different  times, 
as  mentioned  in  a  list  of  papers  in  a  previous  number  of  this  Bulletin.-f[ 
Since  then  a  popular  essay,  '*  The  Lost  Volcanoes  of  Connecticut,"  has 
been  published  in  the  Popular  Science  Monthly  for  December,  1891,  by 
the  senior  author. 

All  these  previous  studies  have  been  chiefly  concerned  with  the  struc- 


*  Piibliyhed  by  piTnriissioii  of  the  Director  of  tho  United  StAtos  Geological  Survey, 
t  Bull.  Gool.  Soc.  Arn.,  vol.  2.  18UI.  p.  416. 
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ture  of  the  formation  within  its  boundaries,  which  were  examined  i»nly 
incidentally  until  especially  studied  in  recent  summers  by  the  junior  au- 
thor. This  paper  is  chiefly  concerned  with  the  results  thus  detenniij 
along  the  eastern  boundary  of  the  formation.  Our  problem  is  in  et^Vt: 
How  closely  does  the  present  border  of  the  Triassic  formation  follow  i*- 
original  constructional  border,  and  how  much  has  it  been  ruodifittl 
deformation  and  erosion?  This  problem  must  be  entered  with  a  cl»:/ 
understanding  of  the  results  already  gained  regarding  the  structure  • : 
the  formation  as  a  whole,  which  are  therefore  briefly  reviewed  here. 

Geological  History  of  the  Region. 

The  Triassic  conglomerates,  sandstones  and  shales  lie  on  a   conij»!tx 
foundation  of  crystalline  and  metamorphic  rocks  which  were  greedy 
eroded  before  Triassic  time.     The  unconformable  relation  of  the  two  i- 
wonderfully  well  displayed  on  the  western  border  of  the  formation  in  a 
ravine  west  of  Southington,  some  twenty  miles  north  of  New   Haven. 
A  belt  of  the  old  crystalline  land  area  seems  to  have  been  depressed  and 
submerged,  and  this  belt  as  it  sank  continually  received  the  waste  frum 
the  more  elevated  parts.     Thousands  of  feet  of  sediments  were  thus  ac- 
cumulated, the  surfaces  of  successive  strata  having  been  frequentU-  ex- 
posed to  shallow  currents,  as  is  shown  in  ripple-marks,  to  sunshine,  a- 
testified  to  in  mud-cracks,  and  to  passing  showers,  as  indicated  by  rain- 
drop imprints.     Fish  swam  in  the  clearer  waters,  wliere  fine  shales  wt-rt- 
formed ;  reptiles  walked  over  the  mud-flats,  marking  their  paths  by  tfir 
so-called  "  bird-tracks,"  for  which  the  valley  is  famous.     The  sediment- 
were  coarser  near  the  eastern  and  western  margins,  where  wave  and 
current  work  were  active,  occasionally  supplying  bowlders  up  to  several 
feet  in  diameter,  while  the  contemporaneous  deposits  in  the  more  oj>en 
waters  of  the  middle  area  were  generally  finer.     We  do  not  find  any 
facts  whose  explanation  requires  the  aid  of  glacial  action.     Vast  volcanic 
eruptions  interrupted  the  more  quiet  processes  of  sedimentary  deposition 
by  the  intrusion  of  dikes  and  necks  of  diabasic  lava,  by  tlie  discharge  of 
outbursting  ashes,  by  the  outpouring  of  broad  lava  flows,  and  by  the  in- 
trusion of  deep  seated  lava  sheets.     These  lavas  will  be  here  referrwi  to 
by  the  popular  term,  trap. 

The  materials  accumulated  may  be  summarized  as  follows :  Restini: 
on  the  crystalline  foundation  there  are  generally  from  200  to  1,500  feet  of 
bottom  sandstones  and  conglomerates,  beneath  an  intrusive  sheet  of  trap 
about  650  feet  thick ;  then  follow  from  5,000  to  6,500  feet  of  lower  sand- 
stones and  conglomerates ;  250  feet  of  an  amygdaloidal  trap  sheet,  some- 
times with  ashes  and  lava  blocks,  indicative  of  explosive  eruption  and 
called  the  anterior  trap  sheet;  300  to  1,000  feet  of  anterior  shales  ami 
sandstones,  including  a  black  shale  bearing  fossil  fish  :  500  feet  of  heavy 
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invj^,  known  as  the  main  trap  sheet,  the  other  members  of  the  series  be- 
lVi^  named  according  to  their  position  with  respect  to  this  dominating 
member;  1,200  feet  of  posterior  shales  and  sandstones,  including  a  sec- 
o\A.<l  bed  of  fish -bearing  black  shales;'  150  feet  of  posterior  trap,  and  at 
loiXist  3,500  feet  of  upper  sandstones  and  conglomerates. 

The  chapter  of  deposition  was  brought  to  a  close  by  an  uplift  which 
eri"i<.led  in  giving  the  formation  as  a  whole  a  faulted  monoclinal  structure 
NvitVi  generally  eastward  dip.     An  unknown  breadth  of  crystalline  rocks 
\vji»  also  disturbed  on  the  east  and  west.     This  deformation  was  accom- 
^>*a.i:iied  and  long  followed  by  erosion.     It  is  manifest  that  no  close  rela- 
tion can  be  expected  between  the  dates  of  beginning  and  ending  of  this 
el^a-pter  of  deposition  and  the    dates  of  beginning  and  ending  of  any 
standard  division  of  geologic  time ;  hence  the  term  Triassic  is  employed 
Here  rather  as  a  makeshift  term,  following  the  usage  of  earlier  papers,  a 
departure  from  which  would  cause  inconvenience,  although  the  authors 
syinpathize  with  Professor  RusselPs  motive  in  introducing  the  non-com- 
mittal term  N6>vark  as  a  general  name  for  the  red  sandstone  and  trap 
formation  of  the  eastern  United  States. 

It  is  important  to  recognize  that  the  erosion  introduced  by  the  mono- 
clinal deformation  has  completed  one  cycle  of  destructional  processes 
and  has  advanced  well  into  another  cycle.  The  constructional  topogra- 
}>hy  introduced  at  the  close  of  Triassic  deposition  has  been  completely 
extinguished,  the  denudation  of  the  first  cycle  even  reaching  to  effective 
baseleveling  and  producing  an  extended  peneplain  of  moderate  relief 
4>ver  the  adjacent  crystallines  as  well  as  along  the  Triassic  belt. 

Whatever  oscillations  of  level  may  have  occurred  during  the  later 
.stages  of  denudation  of  the  peneplain,  they  have  not  left  significant 
topographic  marks ;  but  after  it  was  developed  there  was  a  submergence 
of  its  southward  margin,  by  which  the  sea  was  allowed  to  lap  over  it, 
and  sediments  bearing  Cretaceous  fossils  were  laid  down  in  these  en- 
croaching waters.  The  inland  extension  of  the  Cretaceous  submergence 
and  deposition  is  not  yet  determined,  although  it  is  hoped  that  when  the 
structure  of  the  crystalline  rocks  of  Connecticut  is  better  understood  the 
innermost  Cretaceous  margin  may  be  discovered  by  means  of  the  rela- 
tions of  revived  and  superposed  streams  and  rivers. 

At  some  later  stage  than  the  deposition  of  the  Cretaceous  cover  on  the 
border  of  the  peneplain,  and  hence  presumably  within  the  limits  of  Terti- 
ary time,  a  considerable  northward  uplift  occurred, giving  the  old  lowland 
an  altitude  of  over  a  thousand  feet  in  Massachusetts  and  further  north, 
'increasing  the  slope  of  the  southward  rivers  and  rejuvenating  all  their 
fading  activities.  At  the  same  time  at  least  a  part  of  the  submerged  area, 
with  the  Cretaceous  cover  on  its  back,  was  raised  above  sealevel,  and  the 
rivers  were  presumably  extended  across  the  Cretaceous  coastal  plain  to 
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the  new  shoreline.  Thus  introduced  into  a  new  cycle  of  erc^ion,  tli- 
region  has  again  been  seriously  denuded.  Whatever  cover  of  Cretace*  '.i-^ 
strata  there  was  has  been  stripped  off  from  New  England,  the  edges  of  t}]- 
retreating  strata  appearing  now  in  a  tame  escarpment,  cloaked  with  slacLn! 
moraines,  on  Long  Island,  while  Long  Island  sound  ia  the  valley,  now  sur- 
merged,  that  usually  occurs  between  such  an  inland-facing  escarjmuMU 
and  the  land  over  which  the  strata  of  the  escarpment  fonnerl y  extendf-^L 

During  the  Tertiary  cycle  of  erosion  the  harder  crystalline  rocks  e:^< 
and  west  of  the  Triassic  belt  have  been  dissected  by  narrow  valley's.  •  ( 
which  the  upper  Farmington  is  the  type  in  the  western  crystalline  plateau 
of  Connecticut,  and  of  which  the  beautiful  gorge  of  the  Connecticut  riv»  r, 
from  Middletown  to  the  Sound,  is  the  type  in  the  eastern  plateau.      Tht^j 
plateaus  may  therefore  be  said  to  have  reached  an  adolescent  stage  of  de 
nudation.     But  in  the  intermediate  belt  of  weaker  Triassic  rocks  the  sur- 
face is  as  a  rule  well  reduced  toward  the  present  baselevel,  and  an  exten- 
sive lowland  separates  the  two  crystalline  plateaus.     It  is  true  that   hen* 
and  there  the  trap  sheets  and  the  harder  sandstones  and  conglomenit^'?- 
have  not  yet  been  much  consumed  beneath  the  surface  of  the  peneplain 
to  which  they  were  worn  down  in  Cretaceous  time ;  but  as  a  whole  tht 
Triassic  belt  has  acquired  a  distinctly  past-mature,  almost  an  old,  expre>- 
sion.    This  expression  was  essentially  reached  before  the  earliest  i<'t*- 
sheet  of  the  glacial  period  entered  the  region,  and  although  a  consider- 
able amount  of  glacial  erosion  was  then  accomplished;  although  certain 
significant  oscillations  of  level  took  place,  and  although  broad  sheeU  of 
stratified  drift  were  laid  down  in  the  valleys,  still  all  these  changes  are  of 
minor  importance  compared  to  those  by  which  the  adolescent  stage  of  iht^ 
crystalline  plateaus  and  oldish  stage  of  the  Triassic  belt  were  reached. 

The  recognition  of  these  successive  chapters  in  the  history  of  the  region 
has  required  a  general  understanding  of  its  structure,  and  the  more 
minute!  interpretation  of  the  trap  ridges  by  which  the  Triassic  lowland 
is  interrupted  has  rec^uired  a  close  study  of  the  monoclinal  faulting 
which  introduced  the  post-Triassic  cycle.  But  all  this  has  not  required 
any  close  knowledge  of  the  relation  of  the  former  and  present  bounda- 
ries of  the  Tria.ssic  strata.     This  i)articular  question  is  here  discussed. 

Faults. 

FA  ULTS  jy  GENERAL. 

A  few  paragraphs  may  be  allowed  on  the  subject  of  faults  in  general, 
for  the  reason  that  some  geologists  have  expressed  a  feeling  that  fault;! 
were  an  easy  recourse  for  the  explanation  of  perplexing  difficulties,  and 
that  their  existence  was  sometimes  too  lightly  entertained.  In  onlcr 
to  avoid  the  just*  application  of  such  a  criticism  to  our  work,  we  first 
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consider  the  general  problem  of  faulting,  briefly  here,  more  fully  in  our 
own  studies;  we,  second,  examine  carefully  the  facts  and  arguments  on 
Avhich  our  belief  in  the  occurrence  of  faults  is  based ;  we,  third,  recognize 
II  marked  difference  in  the  completeness  of  argument  by  which  the 
vixrious  faults  are  defined,  some  examples  reaching  complete  geologic 
demonstration,  while  other  examples  are  hardly  more  than  provisional 
<j:eologic  inferences. 

Under  the  term,  fault,  we  include  a  fracture  of  greater  or  less  extent  on 
which  differential  movement  of  the  adjacent  masses  has  taken  place. 
Faults  may  be  minute  and  clean  cut,  as  often  seen  on  joint  planes  in 
ijuarries;  they  may  be  of  great  dimensions  and  complicated  structure, 
as    known  in  our  Appalachians  and  elsewhere.    They  are  manifestly 
associated  with  different  classes  of  strains ;  sometimes  indicating  an  ex- 
ton.sion  of  the  region  involved,  sometimes  a  compression,  sometimes  a 
lateral  or  tangential  shearing.     They  are  on  the  one  hand  associated 
with  monoclinal  folds,  and  on  the  other  hand  with  overthrust  folds.    The 
plane  of  the  faults  may  have  any  inclination  to  the  horizon,  and  the  move- 
ment of  the  adjacent  masses  may  have  any  directions  on  the  fault-planes. 
After  the  faulting,  the  fault  plane  itself  may  be  deformed  or  faulted,  and 
the  dislocated  masses  may  be  deeply  eroded,  even  to  basele veiling. 

Faults  are  ordinarily  recognized  by  some  lapse  of  continuity  in  masses 
that  were  once  continuous.  This  is  variously  determined.  In  the  un- 
derground work  of  mining,  the  fault-fracture  itself  may  be  encountered  ; 
the  dissimilarity  of  the  adjacent  masses  is  then  clearly  demonstrated, 
and  the  occurrence  of  mechanical  disturbance  on  the  fault-plane  is  in- 
dicated by  breccias  and  slickensides ;  but  not  once  in  a  hundred  times 
is  a  fault  thus  determined;  and  when  thus  determined,  the  visible  por- 
tion of  the  fault-plane  is  perhaps  less  than  a  hundred-thousandth  of  its 
entire  area.  Faults  are  sometimes  visible  on  sea-cliffs  and  in  railroad 
(*utH ;  they  are  occasionally  seen  on  barren  canyon  walls,  and  still  more 
rarely  and  intermittently  on  valley  sides  and  in  stream  beds,  but  the 
actual  visibility  of  a  fault  plane  is  a  rare  and  local  matter. 

Most  of  the  faults  that  have  been  represented  on  geological  maps  and 
sections  are  not  known  by  the  visible  occurrence  of  their  fractures.  They 
are  inferred  from  the  lack  of  continuity  of  rock  masses  whose  former 
continuity  can  be  reasonably  j)Ostulated.  The  safety  of  such  inferences 
depends  chiefly  on  the  distinctness  of  the  rock  masses  concerned,  on  the 
certainty  of  their  former  continuity  across  the  fault-line,  on  the  impos- 
sibility of  explaining  their  present  discontinuity  by  other  means  than 
faulting,  on  the  closeness  with  which  the  fault-line  may  be  traced,  and 
on  the  association  with  it  of  various  minor  indications  of  mechanical 
disturbance. 
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ELEMENTS  OF  A  FA  VLT. 

When  the  field  worker  is  driven  to  believe  that  a  fault  traverses  hi- 

district,  it  is  an  aid  to    further 
study  to  have  clearly  in  mind 
all  the  facts  that  should  be  Cw- 
termined  before  the  whi>le  his- 
tory of  the  fault  is  unravellei.l, 
just  as  the  astronomer  on   dis- 
covering a  comet    is    aideil   in 
his  next  work  by  knowing  ju>t 
what  facts  must  be  determine*.! 
in  order  that  the  movements  of 
the  comet   can   be  recalled    <»r 
predicted.   These  facts  are  calle^l 
the  elements  of  the  comet,  and 
the  same  tenn  may  be  profita- 
bly applied  to  faults.     Regard- 
ing faults,  it  is  desirable  to  search 
first  for  such  facts  as  may  be  vis- 
ible at  the  surface  of  the  earth. 
Chief  among  these  is  the  fault- 
line,  as  indicated  by  the  niargin.s 
of  adjacent  formations.     It  may 
be  straight  or  curved,  simple  or 
branching ;  it  should  be  followed 
from  end  to  end.    Occasionally 
the  fault-plane  itself  is  locally 
visible  in  streams,  cliffs  or  cut<. 
When  possible,  the  hade  or  th- 
parture  of  the  plane  from   the 
vertical  should  be  determine<l. 
This   may    be    locally    accom- 
plished where  the  plane  is  di- 
rectly visible.     It  is  sometimes 
determined  in  a  larger  way  when 
the  line  of  the  fault  lead^  over 
hills  and  valleys.    The  mechan- 
ical character  of  the  fault  should 

FiGiBK  X.-The  Connecticut  Valley  Triassic  Area.  ^^^   gtudicd    aS   indicated  by   the 

features  of  the  fracture,  when  visible,  or  by  the  minor  deformations  in 
adjoining  rock  masses.  The  displacement  caused  by  the  faulting  should 
be  measured  at  various  points  along  the  fault-line,  and  the  direction  of 
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naovement  on  the  fault-plane  should  be  discovered  if  possible.  The 
T-olation  of  the  fault  to  the  existing  topography  is  an  important  matter, 
lliis  being  frequently  so  prominent  that  it  becomes  the  chief  guide  in 
t,racing  the  fault-line  in  a  preliminary  survey. 

The  surface  elements  of  a  fault  having  been  determined,  there  are 
elements  connected  with  its  past  history  that  need  attention.  Its  date 
of  occurrence,  its  rate  of  movement,  its  cause,  including  the  reasons  for 
its  location  in  one  place  rather  than  in  another;  its  effect  on  the  topog- 
raphy at  the  time  of  its  production,  and  its  efiFect  on  the  subsequent  pro- 
cesses of  denudation,  ending  with  the  development  of  the  existing 
topographic  features.. 

It  is  hardly  necessary  to  state  that  as  a  rule  there  is  no  opportunity  for 
the  determination  of  most  of  these  elements  of  a  fault ;  yet  none  the  less 
should  they  be  borne  in  mind  and  patiently  searched  for.  The  recent 
discovery  of  the  long  hidden  ** secret  of  the  highlands  "  of  Scotland,  of 
the  overthrust  faults  in  the  southern  Appalachians,  and  of  the  mechani- 
cal conditions  of  the  processes  of  faulting  in  folded  structures  are  strong 
encouragements  to  the  success  of  similar  studies  elsewhere. 

Deformation  along  the  eastern  Boundary  of  Connecticut  Triassic. 

general  account  of  the  eastern  boundary. 

We  have  been  led  to  the  conclusion  that  the  entire  eastern  boundary 
of  the  Triassic  formation  in  Connecticut  is  defined  by  fault-lines — a  com- 
bination of  several  intersecting  faults,  rather  than  a  single  irregular  fault. 
As  indicated  on  the  map,  figure  1,  the  inferred  faults  may  be  divided  into 
two  sets,  those  of  one  set  trending  about  north  and  south,  and  represented 
V>y  three  members ;  those  of  the  other  set  trending  northeast  and  south- 
west, and  including  two  membei-s.  All  five  faults  are  believed  to  extend 
beyond  the  parts  of  the  border  line  that  they  determine  into  the  area  of 
the  crystalline  or  Triassic  rocks.  In  the  following  description  the  faults 
will  be  referred  to  by  numbers,  as  on  the  map ;  the  first  (with  a  rather 
irregular  course),  third  and  fifth  belonging  to  the  meridional  set;  the 
second  and  fourth  belonging  to  the  oblique  set.  The  four  angles  in  the 
border  line,  formed  at  the  successive  crossings  of  the  five  faults,  are  dis- 
tinctly marked  in  the  field,  and  will  be  referred  to  as  the  Glastonbury, 
Highland  Park,  Vernon,  and  Ilockville  corners. 

EVIDENCES  OF  FAULTING  ALONG  THE  BOUNDARY. 

Absence  of  direct  Evidence. — With  trifling  exceptions,  referred  to  below, 
the  lines  and  planes  of  the  bordering  faults  are  nowhere  visible,  either 
along  the  boundary  of  the  formation  or  along  their  extension  elsewhere. 
Within  the  Triassic  area  certain  small  branch  faults  associated  with  the 
faults  of  the  oblique  set  are  exposed  in  quarries  and  streams,  but  none 
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of  these  have  movements  of  considerable  measure.  In  spit^  of  this  in- 
visibility, we  confidently  believe  in  the  existence  of  the  marginal  fauiu. 
They  need  not  be  more  doubted  than  many  others  elsewhere  wh*^^'- 
existence  is  satisfactorily  established  on  indirect  evidence. 

DiBContinuiiy  of  Trlassic  Strata. — Although  the  faults  themselves  art- 
nowhere  seen,  good  evidence  of  their  occurrence  is  not  wanting.     On 
approaching  the  eastern  boundary  of  the  formation,  south  of  the  Gla^tinj- 
bury  corner,  it  is  found  that  the  Triassic  strata  are  abruptly  terminat*.-*! 
against  the  crystalline  terrane.    This  is  best  seen  along  the  firsst  fauli- 
line,  especially  in  its  southern  part,  where  it  turns  to  a  somewhat  obliqut- 
course.     Here  various  recognizable  strata  of  the  series,  either  aqu<?ous  or 
igneous,  may  be  easily  followed  along  their  strike  by  repeated  outcn»j»* 
or  by  the  continuity  of  essential  topographic  features,  tested  by  occiisioniu 
outcrops,  and  in  many  successive  instances  the  border  of  the  forniati«->n 
runs  at  a  strong  angle  with  the  strike  of  its  members.     It  is  easily  con- 
ceivable that  such  a  relation  might  follow  from  the  erosion  of  a  series  of 
strata  unconformably  overlapping  an  inclined  foundation;  but  this  pcn^^i- 
bility  is  excluded  here  by  reason  of  the  directness  of  the  border  line,  in 
spite  of  repeated  changes  in  tlie  strike  and  dip  of  the  bordering  stniia. 
It  is  most  impressive  to  follow  the  sweeping  curves  of  Pond  and  Totok^r 
ridges,*  formed  by  the  main  trap  sheet,  whose  great  extension  is  so  well 
proved,  and  perceive  its  obedient  termination  as  it  approaches  the  border 
line.     Its  strength  does  not  weaken ;  it  is  still  a  heavy  flow  of  lava,  as 
strong  a  ridge-maker  near  the  border  as  away  from  it ;  it  shows  no  sitrn.-^ 
of  thinning,  as  if  toward  its  original  margin  ;  it  abruptly  stops.     This  \< 
but  a  repetition  of  the  lesson  of  the  Meriden  district,  where  the  ridt^es 
formed  on  this  heavy  lava  flow  so  submissively  disappear  on  approach- 
ing the  invisible,  but  dominating  fault-lines. 

As  with  the  ridges  of  the  main  trap  sheet,  so  with  the  minor  ridges  of 
the  posterior  trap  sheet  and  the  valleys  of  the  anterior,  i>03terior  and 
upper  shales,  sandstones  and  conglomerates.  On  the  ground,  where  the 
successive  localities  are  far  separated  aiid  out  of  sight  from  one  another, 
these  facts  are  slowly  j)erceived,  but  when  presented  on  a  map  it  is  very 
manifest  that  the  curved  belts  formed  by  the  successive  members  of  the 
formation,  so  systematic  within  the  Triassic  area,  are  all  cut  off*  at  the 
border  as  if  by  some  gigantic  shearing  tool. 

It  is  not  only  that  the  edge  lines  of  the  several  members  of  the  Trias 
are  cut  off"  at  the  border,  but  the  dip  lines  must  by  inference  be  cut  off 
underground.  If  we  pa.*^  southeastward  through  the  middle  of  either 
the  Pond  Rock  or  the  Totoket  crescent,  we  discover  a  strongly  marke4l 
monoclinal  structure,  with  dips  averaging  twelve  or  fifteen  degrees,  pass- 
ing upward  from  the  lower  sandstones  and  conglomerates,  through  the 

*The  <"iirve<l  soiiihorn  momher'<  of  the  main  trap  sheet,  figure  1, 
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anterior  trap  sheet,  the  anterior  shales,  the  main  trap  sheet,  the  posterior 
sandstones  and  shales,  the  posterior  trap  sheet  and  a  greater  or  less  thick- 
ness  of  upper  sandstones  and  conglomerates.     It  is  perhaps  possible  to 
invent  a  system  of  very  special  conditions  by  which  the  monoclinal 
strata  can  be  supposed  to  end  underground  against  a  great  cliff  or  steep 
land-slope,  at  whose  base  lay  the  water  body  in  which  they  were  accumu- 
lated ;  but  the  essential  conditions  of  this  invention  are  so  peculiar,  so 
complicated,  and  so  little  in  accord  with  the  other  features  of  the  r^ion 
that  they  are  soon  discarded ;  hence  the  dip  lines  by  reasonable  infer- 
ence, as  well  as  the  strike  lines  by  observation,  must  be  interpreted  as 
terminating  againsi  a  fault.     On  the  other  hand,  the  northern  part  of 
the  border  has  few  neighboring  Tria^ssic  outcrops.    The  evidence  of  fault- 
ing is  less  distinct  there  than  further  south ;  yet  on  making  a  general 
section  on  true  scale  across  the  Triassic  lowland  it  is  difficult  to  account 
for  the  disappearance  of  the  strata  unless  cut  off  by  a  marginal  fault. 

Fault-line  Valley, — A  narrow,  meadow-like  depression,  followed  more 
or  less  by  streams,  but  here  or  there  rising  in  low  divides,  is  traceable 
more  or  lass  continuously  along  the  boundary  line  between  the  adjoining 
outcrops  of  Triassic  and  crystalline  rocks.  There  is  no  reason  for  this 
valley  except  the  occurrence  of  a  belt  of  shattered  rock,  such  as  is  com- 
monly produced*  on  strong  fault-lines.  Sometimes  the  depression  or 
fault-line  valley  is  a  quarter  of  a  mile  in  width,  being  then,  as  a  rule, 
adjoinjBd  by  the  weaker  members  of  the  Triassic  series.  Sometimes  it  is 
merely  a  narrow  pass  between  close  approaching  slopes  on  either  side ; 
this  being  the  case  w^here  the  harder  Triassic  members  confront  the 
bolder  crystalline  slopes.  The  change  of  the  depression  from  one  form 
to  the  other  is  comparatively  systematic,  as  may  be  seen  near  the  noilh- 
east  end  of  the  Totoket  crescent.  The  crystalline  slope  here  maintains  a 
fairly  regular  course  on  the  eastern  side,  but  the  western  side  of  the  depres- 
sion varies  with  the  resistance  of  the  Triassic  member  ending  upon  it. 

North  of  the  Connecticut  river  the  marginal  depression,  like  the  other 
features  by  which  the  fault-lines  are  located,  is  much  less  distinct  than  to 
the  south.  The  absence  of  the  marginal  valley  is  presumably  an  expres- 
sion of  the  two  prevailing  features  thereabouts ;  relatively  weak  Triassic 
rocks,  allowing  an  effective  basele veiling  of  the  whole  area  and  a  plenti- 
ful distribution  of  drift,  almost  obscuring  the  rock  topography. 

Associated  Dislocations. — The  disturbances  which  we  associate  with  the 
production  of  the  greater  marginal  faults  are  found  in  both  the  Triassic 
and  the  crystalline  areas.     The  former  will  be  mentioned  first. 

In  the  Pond  Rock  crescent  the  ridge  formed  by  the  main  trap  sheet  is 
repeatedly  offset  by  small  faults  as  it  approaches  the  crystallines  at  its 
southern  end,  each  offset  being  marked  by  a  gap  or  notch  in  the  ridge. 

LXXIII-Buu..  Gkoi..  Soc.  Am.,  Vol.  5.  189.3. 


524      DAVIS  AND  GRISWOLD — BOUNDARY  OF  CONNECTICUT  TRIAJ^IC. 

It  is  to  the  weakness  thus  engendered  that  we  attribute  the  disappearance 
of  the  anterior  trap  ridge  in  the  southern  part  of  this  crescent.  The 
southern  end  of  the  posterior  trap  ridge  is  much  obscured  bj'  heavy 
drift,  and  nothing  can  be  said  of  it ;  but  near  the  middle  of  the  Pond 
Rock  crescent,  along  the  Triassic  border  in  the  village  of  Branford,  there 
is  a  second  posterior  ridge,  and  this  has  already  been  interpreted  in  ear- 
lier papers  as  a  reappearance  of  the  same  trap  sheet  that  forms  the  fir?t 
posterior  ridge.  A  close  examination  of  the  ground  does  not,  however, 
confirm  the  relatively  symmetric  reversal  of  dip  indicated  in  earlier 
figures,  and  hence  it  is  concluded  that  this  second  ridge  is  formed  of 
large  fragments  or  blocks  of  the  posterior  trap  sheet  that  were  caught  in 
the  fault.  The  varying  attitude  of  the  trap  sheet,  as  inferred  from  the 
position  of  its  dense  under  surface  and  its  vesicular  upper  surfa<?e,  as 
well  as  the  plentiful  breccia  of  angular  trap  fragments  with  sandstone 
matrix,  give  support  to  this  conclusion.  Outcrops  in  this  neighborhood 
are,  however,  very  few.  Further  north,* near  Middletown,  there  is  much 
irregularity  of  dip  and  strike  in  the  sandstones  near  the  margin,  such  as 
never  occurs  within  the  area  of  the  formation  except  in  the  neighborhooti 
of  fault-lines.  North  of  Glastonbury  the  marginal  outcrops  of  Triassic 
strata  are  so  rare  that  no  sound  conclusion  can  be  based  on  them  alone. 
Alteration  of  Crystallines  along  the  Border, — The  old  crystalline  rocks 
present  characteristics  along  the  meridional  part  of  the  Triassic  margin 
which  are  not  common  to  these  rocks  elsewhere.  The  fact  that  the  gen- 
eral strike  of  the  old  gneisses  and  schists  is  about  northeast  and  south- 
west, thus  giving  a  considerable  angle  of  intersection  with  the  meridional 
fault-lines,  makes  it  possible  to  associate  changes  in  the  characters  of 
rocks  along  their  strike-lines  with  the  explanation  of  the  border  line 
itself.  The  greater  development  of  chlorite  along  the  border  line  is  a 
marked  feature  throughout.  Microscopic  examination  shows  that  the 
crystals  of  different  minerals  are  commonly  broken.  In  many  places 
the  simple  gneissic  or  schistose  structure  has  been  lost,  and  the  rock 
appears  twisted  and  broken.  The  rock  thus  affected  may  still  remain 
in  this  crushed  condition,  presenting  a  loose  fault  breccia,  as  at  the 
quarry  for  road-metal  at  South  Glastonbury ;  or  it  may  be  re-cemented 
into  an  exceedingly  tough  rock  by  quartz  or  chlorite,  or  sometimes  by 
barite.  The  rock  thus  formed  seems  to  be  much  more  enduring  than 
many  of  the  unmodified  members  of  the  old  crystallines,  yet  special 
search  among  the  Triassic  conglomerates  has  failed  to  reveal  its  presence ; 
hence  it  is  thought  to  be  of  later  origin  than  the  conglomerates.  Tlie 
alteration  of  the  crystallines  has  been  made  out  clearly  only  along  the 
meridional  portions  of  the  Triassic  border.  It  is  less  distinct  along  the 
o])lique  portions.  This,  however,  might  be  expected,  even  if  faults  occur 
there,  for  the  reason  that  movement  near  the  plane  of  foliation  would 
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caiase  less  alteration  than  movement  transverse  to  it.  It  would  be  more 
difficult  also  to  demonstrate  that  the  change  was  duo  to  faulting,  because 
aoy  change  that  occurs  might  be  attributed  to  a  change  in  the  character 
of  successive  folia  across  the  strike  rather  than  to  a  change  in  a  single 
relatively  continuous  portion  of  the  crystalline  mass  along  the  strike. 

u4.ssociat.ion  of  marginal  and  internal  Faults. — The  internal  faults,  as 
tHosc  which  are  found  within  the  Triassic  area  may  be  called,  have  been 
successfully  worked  out  along  the  trap  belts,  whose  numerous  disloca- 
tions give  complete  demonstration  of  their  occurrence.     In  the  district 
a\>oTit  Meriden  there  are  two  chief  faults — one  separating  Higby  moun- 
ta,in  from  Chauncey  peak,  the  other  separating  Lamentation  mountain 
from  the  ridges  of  the  Hanging  hills.     The  throw  of  these  faults  is  esti- 
iiia^ted  at  2,000  and  3,000  feet  respectively.     Their  course  is  about  north- 
ei\st  and  southwest,  though  the  latter  fault  splits  near  Berlin ;  one  branch, 
b  a  ving  a  throw  of  1 ,000  feet  extends  northeastward,  the  other  branch  turn- 
ing  to  the  north.     After  their  discovery  by  means  of  the  dislocations  in 
the  trap  ridges,  they  were  traced  in  both  directions  by  means  of  the  local 
deformation  that  they  caused  here  and  there  in  the  bedded  rocks,  and 
they  have  now  been  extended  with  some  confidence  to  the  crystalline 
areas  both  northeast  and  southwest  of  the  locality  in  which  they  were 
first  detected,  by  means  of  dislocations  and  breccias  along  their  lines. 
It  is  therefore  regarded  as  a  matter  of  much  significance  that  the  oblique 
courses  of  the  eastern  border,  determined  by  the  second  and  the  fourth 
faults  of  the  marginal  series,  fall  directly  in  line  with  the  northeast  ex- 
tension of  these  two  great  internal  faults.     The  essential  accordance  of 
these  members  of  the  internal  and  external  faults,  although  unlike  in 
appearance  and  of  independent  discovery,  but  both  explicable  as  common 
effects  of  a  single  kind  of  process,  leads  to  much  confidence  in  our  con- 
clusions. 

Additional  Evidence  from  the  separate  Faidts. — The  general  evidence 
al;ove  stated  is  sufficient  to  demonstrate  Suiting  along  part  of  the  con- 
tact for  the  two  formations  in  (question ;  still,  more  evidence  is  desirable, 
and  to  get  any  quantitative  idea  of  the  faults,  is  necessary. 

Fault  number  1  is  bordered  by  a  part  of  the  Triassic  area  \vhich  has 
been  warped  into  three  shallow,  saucer-like  folds.  Their  diameters  are 
?i\e^  seven  and  fifteen  miles  respectively,  beginning  at  the  south  ;  these 
may  be  called  the  Pond,  Totoket  and  Middletown  saucers;  but  these 
saucers  are  not  complete,  only  their  western  halves  are  visible.  About 
one-half  of  what  must  have  been  their  original  area,  had  they  been  sym- 
metrical, would  belong  east  of  the  border  line  where  we  now  find  the 
gneisses  and  schists.  Thus  what  may  be  termed  the  broken  edges  of 
the  saucers  abut  against  the  contact  line,  presenting  the  Triassic  rocks 
with  strikes  varying  from  parallel  with  the  contact  line  near  the  middles 
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of  the  saucers  to  perpendicular  at  the  saucer  rims.  These  saucer-lik- 
half-synclines  have  anticlinal  se[>araticm8  which  have  been  eroded :  th^ 
rock  series  was  originally  continuous  throughout,  and  now  the  edge??  of 
this  rock  series,  repeated  in  reverse  order  six  times,  abut  against  the  oM 
crystallines  *  This  in  itself  is  a  conclusive  argument  for  a  fault  conun  i 
along  this  part  of  the  line,  and,  furthermore,  affords  data  for  com  purine 
the  amount  of  dislocation.  The  throw  must  equal  at  least  the  thicknt— - 
of  Triassic  rocks  between  the  lowest  and  highest  beds  found  ahuttiru 
against  the  line ;  but  such  a  measurement  does  not  include  the  low«-t 
beds  of  Trias  which  cannot  be  denied  to  exist  on  the  eastern  side  of  t}>. 
Triassic  basin  though  not  exposed  at  the  surface,  and  surely  these  be«ir 
as  well  as  those  measured  have  been  eroded  from  the  uplifted  or>'stallint 
foundation  on  the  east  side  of  the  great  fault-line.  Reckoning  thf::^*- 
lower  sandstones  at  one-half  the  thickness  on  the  eastern  side  tliat  thtv 
have  on  the  western  (the  formation  thinning  on  the  eastern  side  becau>t 
nearer  the  conceived  shoreline  of  the  old  Triassic  basin),  the  ininiinuni 
throw  of  the  fault  in  the  central  part  of  the  Totoket  saucer  is  9,000  fetn  : 
thirteen  miles  further  north,  in  the  central  part  of  the  Middletown  saucer. 
the  throw  is  8,000  feet.  Thus  the  amount  of  dislocation  seems  to  decrease 
on  going  northward,  and  other  sections  confirm  this  idea. 

In  the  above  explanation  it  has  been  assumed  that  the  folding  pro- 
ceded  the  faulting,  though  it  might  be  urged  that  the  semblance  of  fold- 
inoj  was  given  as  a  result  of  differential  movement  on  the  fault-line. 
This  would  necessitate  a  differential  throw  in  the  two  southern  sauct-rs 
of  over  4,000  feet  within  a  lateral  distance  of  about  16,000  feet,  and  this 
process  twice  reversed  or  four  times  repeated.  This  supposition  seems, 
therefore,  less  probable  than  the  assumption  that  the  folding  and  fault- 
ing were  successive. 

Fault  number  3  has  one  important  locality  giving  evidence  of  faulting. 
At  Highland  Park  paj)er  mill,  Triassic  conglomerates  were  found  not  tnr 
distant  from  the  old  crystallines,  and  a  trench  was  dug  to  show  the  char- 
acter of  the  contact.  The  conglomerates  were  found  to  be  less  coni|Kut 
near  the  contact,  becoming  so  loose  that  they  were  easily  worked  with  a 
pick.  Sandy  layers  at  the  contact  gave  a  dip  of  45°  to  the  west,  show- 
ing a  strong  drag  movement.  The  small  surface  of  the  contact  that  was 
uncovered  had  a  dip  of  55°  to  the  west  and  a  strike  north  and  south. 
The  crystalline  rocks  at  the  contact  were  much  shattered  and  decom- 
posed, so  that  they  also  were  easily  worked  with  a  pick.  Twenty  t(» 
thirty  feet  away,  however,  though  much  contorted,  they  have  been  so 
consolidated  by  the  vein-forming  process  that  they  rise  in  a  bold  bluff 

♦On  the  map  the  Pond  mountain  and  Totoket  mountain  sancerH  are  well  outlined  by  the  ni.-iin 
trap;  tlie  north  side  of  tho  MidtiN'town  Maiit.'or  is  bordered  by  tlie  posterior  trap  which  is  reprc- 
sented  near  the  margin  at  South  Giatitoubiiry,  but  is  not  liere  shown. 


EVIDENCES   QF    FAULTING.  527 

over  which  the  Highland  Park  waterfall  descends.  At  this  locality  there 
are  indications  of  a  small  preglacial,  marginal  valley  now  filled  with 
d  rift,  but  the  section  is  too  obscure  to  make  a  positive  statement.  At 
the  northern  end  of  this  fault-line  the  crystallines  are  much  shattered 
and  to  some  extent  recemented.  The  facts  here  recorded  are  accepted 
a.s  conclusive  evidence  of  faulting  along  this  division  of  the  marginal 
line.  This  fault  is  considered  to  have  a  much  smaller  value  than  num- 
ber 1,  as  will  be  explained  later. 

Division  number  5  is  lacking  in  evidence  that  shows  the  direct  rela- 
tion of  Trias  to  old  crystallines.  However,  the  border  metamorphism  of 
the  old  crystallines  is  well  marked,  and  at  a  small  mill  two  and  a  half 
miles  northeast  of  Ellington  there  is  an  excellent  brecciation  of  the  crys- 
tallines which  has  resulted  in  considerable  decomposition.  The  fact  of 
faulting  is  unquestionable,  but  the  post-Triassic  date  has  to  be  inferred 
from  analogy  with  divisions  1  and  3.  It  is  a  satisfaction  to  record  that 
after  the  work  had  been  carried  to  this  stage  comparison  with  the  un- 
published work  of  Professor  Emerson  in  Massachusetts  showed  entire 
accordance  in  results. 

Fault  number  2,  as  previously  stated,  has  not  been  established  along 
the  contact  line,  but  both  to  the  northeast  in  the  crystallines  and  south- 
west in  the  Trias  the  evidences  of  a  fault-line  are  good.  In  the  crystal- 
lines near  the  border  line  the  projection  of  this  fault-line  first  follows  a 
stream  valley  and  then  is  covered  by  drift  until  Bolton  Notch  is  reached, 
distant  three  miles  from  the  margin.  Here  along  the  cut  of  the  New 
York  and  New  England  railroad  numerous  fault-breaks  are  noted  hav- 
ing strikes  in  a  northeast  direction.  The  breccias  seen  belong  to  faults 
of  small  throw ;  the  greater  lines  of  break  are  probably  concealed  by 
erosion.  Turning  in  the  other  direction  to  the  Triassic  area,  the  next 
to  largest  fault  identified,  having  a  throw  of  about  2,000  feet,  has  been 
traced  from  the  old  crystallines  on  the  western  side  of  the  bjisin  to  South 
( rla.stonbury,  a  distance  of  26  miles.  The  direction  of  the  fault  is  about 
northeast  and  with  little  variation.  It  does  not  seem  unreasonable  to 
continue  the  line  of  dislocation  northeastward,  connecting  with  the  fault 
indications  at  Bolton  Notch.  Further  reason  for  believing  in  this  exten- 
sion will  be  given  when  the  measurement  of  the  faults  is  explained. 

The  inference  with  regard  to  fault  number  4  is  based  upon  evidence 
similar  to  the  above.  The  northeast  extension  of  this  fault  is  indicated 
in  the  northeast  part  of  Roekville  in  a  small  qiiarry  by  breaking  and 
slickensiding.  The  line  follows  a  general  valley  depression  in  the  crystal- 
line plateau,  and  is  indicated  by  local  cortortion  and  alteration  of  the 
crystallines  and  by  breccias.  These  indications  have  been  traced  north- 
eastward for  eight  miles  from  the  border.     The  continuity  of  this  fault  is 
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better  shown  in  the  crystallines  than  in  the  Trias,  for  although  the  in- 
ternal vault  with  which  number  4  is  supposed  to  be  continuous  ha>  :i 
throw  of  about  1,000  feet  and  is  a  branch  of  the  great  Lamentation  fau'.t, 
yet  where  last  identified  in  the  Trias  it  is  a  dozen  miles  from  the  coniT 
at  Vernon.  The  span  of  fifteen  miles  from  one  point  of  evidence  to  hl- 
other  may  test  one's  credulity  severely,  but  if  the  line  be  thus  drawn  it 
is  found  to  coincide  in  direction  with  the  established  parts,  which  hav- 
a  total  length  in  crystallines  and  Trias  of  about  35  miles;  furthenimrt^. 
its  nearly  parallel  relation  to  number  2  is  maintained.  The  two  hiit? 
diverge  very  little  as  they  continue  northeast.  As  in  the  case  of  num- 
ber 2,  an  explanation  of  the  measurement  of  the  two  fault  systems  wil. 
strengthen  belief  in  the  inference  of  their  occurrence. 

Another  expkmation  of  the  Contact  Line  considered. — It  might  be  arguni 
that  the  marginal  line  in  question  is  one  of  continuous  fault  of  irregular 
trend  instead  of  a  combination  of  five  faults,  as  urged  in  the  prec'eiliiip 
section.  Let  us  consider  the  difficulties  of  this  idea.  First,  the  irreguLir 
.shape  of  the  line,  with  its  four  angles  at  South  Glastonbury,  Highland 
Park,  Vernon  and  Rockville,  is  in  opposition  to  the  generally  straigiit 
trend  of  faults  within  the  Trias.  It  is  true  that  the  southern  part  of 
number  1  is  somewhat  irregular,  but  there  are  no  such  sharp  changer 
as  at  the  corners  noted  above.  Second,  why  should  two  of  these  abrupt 
changes  in  direction  happen  to  come  just  where  Triassic  faults  reach  the 
margin  ?  Mere  coincidence  would  be  extraordinary.  Third,  if  so  great 
a  fault  as  number  1  passed  along  parts  2  and  4,  even  though  coinciding 
in  strike  with  the  strike  of  the  crystalline  rocks,  field  observations  shouW 
have  given  unquestionable  evidence  of  movement  or  metamorphism. 
Fourth,  it  seems  possible  to  distinguish  a  relation  between  the  value:?  of 
1,  3  and  5  by  the  amount  of  crushing  and  metamorphism  that  has  taken 
place.  Thus  8  and  5  are  noticeal)ly  lines  of  lesser  disturbance  than  1. 
and  5  would  seem  to  be  somewhat  greater  than  3. 

Meiuvrement  of  the  Faults. — With  the  above  difficulties  in  the  way 
of  the  one-fault  idea,  if  we  can  strengthen  the  combination  plan  by  an 
hypothasis  of  effective  quantitative  working,  we  may  reasonably  give  it 
the  preference.  P'ault  number  1  we  conceive  to  continue  northward  from 
South  Glastonbury.  South  of  this  point  the  crystiillines  comprise  tlie 
surface  rocks  on  the  east  side  of  the  line,  and  from  these  crystallint*^ 
has  been  eroded  all  the  Trias  that  once  extended  there,  and  some  of 
the  crystalline  foundation  as  well.  Why  do  the  crystallines  not  continue 
at  the  surface  north  of  this  point?  Because  an  oblique  fault,  with  a 
downthrow  of  about  2,000  feet  on  the  northwest  side,  intersecting  here, 
has  brought  the  Triassic  foundation  plane  l)elow  the  present  Triassic  level 
of  erosion.     The  present  Triassic  level  is  about  600  feet  below  the  level  of 
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tlie  crystalline  plateau ;  therefore  its  foundation  plane  is  more  than  600 
feet  below  the  plateau  surface.  The  fact  that  a  fault  of  this  value  could 
til  row  down  the  foundation  plane  to  its  present  position  indicates  that, 
as  a  maximum  amount,  less  than  1,400  feet  (2,000  —  600  -f-)  of  crystal- 
line rock  in  the  vicinity  of  South  Glastonbury  have  been  eroded  since 
Triassic  times.  Correspondingly,  the  Triassic  foundation  plane  must  be 
les3S  than  1,400  feet  below  the  present  Triassic  surface,  if  it  be  considered 
that  only  a  small  amount  has  been  eroded  from  the  crystallines  to  pro- 
duce the  present  plateau. 

But  how  far  east  does  the  influence  of  the  northeast  fault  go  ?  We 
should  suppose  until  the  angle  of  slope  of  the  foundation  plane  brought 
the  undisturbed  sedimentary  Triassic  contact  to  the  surface  of  erosion. 
This  would  doubtless  be  at  no  great  distance,  for  the  coarseness  of  the 
conglomerates  along  the  eastern  marginal  line  indicates  nearness  to  a 
Triassic  shore;  but  another  meridional  fault,  number  3,  with  upthrow 
on  the  east,  crosses  the  old  basin  and  uplifts  the  foundation  j)lane  so 
that  the  Trias  has  been  eroded,  and  gives  a  fault  margin  from  Highland 
Park  to  Vernon  instead  of  a  sedimentary  contact  farther  east.  Can  any 
idea  of  the  value  of  this  fault  (number  3)  be  obtained  ?  It  must  have  a 
minimum  throw  equal  to  the  distance  of  the  Triassic  foundation  plane 
below  the  Triassic  surface  plus  the  elevation  of  the  highest  part  of  the 
adjacent  crystalline  plateau  above  the  Triassic  surface ;  the  latter  eleva- 
tion is  600  feet;  the  former  distance  is  between  0  and  1,400  feet.  The 
minimum  is  therefore  over  600  feet ;  the  maximum  might  seem  to  be 
indefinite,  but  the  next  fault  helps  to  define  it  as  less  than  2,400  feet. 

Our  combination  of  faults  has  carried  us  to  Vernon,  where  fault  number 
3  is  supposed  to  continue  northward,  and  should  have  crystallines  along 
its  east  side.  As  in  the  case  of  number  1,  at  South  Glastonbury,  the 
Trias  appears  instead,  this  time  brought  down  by  a  fault  of  about  1,000 
feet.  If  a  throw  of  this  value  can  bring  down  the  Triassic  foundation 
plane  below  the  present  surface,  the  maximum  throw  of  fault  number  3 
must  have  been  less  than  2,400  feet  (1,000  +  1,400  — ). 

As  before,  we  should  follow  eastward  to  find  the  line  where  the  Tri- 
assic sedimentary  contact  should  come  to  the  surface,  but  before  it  is 
reached  we  come  to  another  north-and-south  fault,  number  5.  This  line 
bounds  the  Trias  even  into  Massachusetts,  so  that  a  sedimentary  contact 
on  the  eastern  margin  of  the  Connecticut  Trias  cannot  be  found  at  the 
surface.  For  this  last  fault  we  can  only  assign  a  minimum  value  of  900 
feet  plus,  which  is  something  more  than  the  difference  in  elevation  be- 
tween the  levels  of  the  Triassic  surface  and  the  highest  points  of  the 
crystalline  plateau.  If  we  may  judge  by  erosion,  brecciation  and  meta- 
morphism,  this  line  was  one  of  greater  dislocation  than  number  3. 
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In  figure  2  a  diagrammatic  representation  is  given  indicating  our  o>n- 
ception  of  the  complicated  part  of  the  boundary  line,  looking  at  the  tiU- 
trict  from  the  north,  so  that  all  the  steps  are  in  full  view,  and  picturing 
the  contact  planes,  both  of  sedimentation  and  faulting,  of  the  two  forma- 
tions.    The  solid  block  may  be  considered  as  composed  entirely  of  oM 

crystalline  rocks ;  an  imagiiuiry 
cap  fitting  this  block  would  rt»j>- 
resent  the  original  Trias.  Th»* 
numbers  given  to  the  different 
fault-lines  are  indicated  ontJie 
diagram. 

FINAL  CONSIDERATIoyS, 

The  hypothesis  of  a  combina- 
tion of  faults  is  thus  seen  u* 
correspond  with  the  facts  of  di:*- 
tribution  of  formations  and  i»f 
faults.  No  evidence  is  known 
that  contradicts  the  hypothc5?i5 
in  any  way ;  it  may  seem  weak 
because  of  a  partial  lack  of  evi- 
dence. It  may  at  first  thous^hl 
be  considered  a  suspicious  tied- 
dent  that  the  level  of  the  pres^- 
ent  erosion  surface  should  fall 
so  nicely  between  the  limits 
within  which  it  is  passible  to 
get  the  evidence  revealed  in  the  district  between  South  Glastonbury  and 
Rockville ;  yet  one  can  see  on  considering  a  detailed  map  that  were  the 
erosion  surface  relatively  several  thousand  feet  lower  or  higher  than  it 
now  io  the  demonstration  of  the  structure  would  be  equally  clear.  That 
the  hypothesis  offers  a  rational  explanation  of  the  widening  of  the 
Triassic  to  the  north  is  in  its  favor. 

A  point  of  interest  connected  with  the  demonstration  is  that  the  ba^^l 
members  of  the  Trias  are  brought  up  on  the  eastern  side  of  the  basin. 
It  of  course  occurs  to  one  to  identify  these  rocks  with  those  on  the  west- 
ern side.  As  yet  no  characteristic  beds  are  known  on  either  side,  so 
comparison  cannot  be  made. 


FiGUKB  2.— Stereogram  of  Cross-Faults  of  the  Eastern 
Boundary  of  the  Connecticut  Trias. 
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Introduction. 

A8  one  portion  of  the  country  after  another  has  had  its  glacial  geology 
cleared  up  in  recent  years  by  the  enthusiastic  research  which  later 
theories  have  inspired,  doubtless  more  than  one  glacialist  has  turned  his 
eyes  toward  Missouri,  which  exhibits  a  wider  area  of  extramorainic  drift 
than  is  found  in  any  other  state,  and  shows  northern  drift  at  the  reniotest 
point  from  its  original  source,  unless,  possibly,  Kansas  takes  the  palm  in 
these  respects.     It  is,  therefore,  with  satisfaction  that  I  attempt  a  brief 

♦Published  with  the  permission  of  Arthur  Wiii9h>w,  State  GeologiBt  of  Missouri. 
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exposition  of  tlie  facts  which  I  have  been  able  to  discover  in  about  thr- 
months'  field  work  in  connection  with  the  Missouri  Geological  Surv.y. 
I  regret  that  I  could  not  bring  the  work  nearer  completion,  but  as  I  ^lIHi 
not,  at  least  for  some  time,  be  able  to  carry  it  farther,  it  seems  l>es: :  • 
offer  this  report  of  progress  for  consideration,  comparison  and  critiii-M 
As  is  well  known,  the  field  is  not  a  new  one.  Years  since,  vario:- 
valuable  notes  were  published  in  the  earlier  state  rej)orts  on  the  Qua:-:r 
nary  formations.  I  have  been  j)leaHed  to  find  such  statements  unifomJ;. 
reliable,  so  far  as  they  go.  Their  deficiencies  to  a  later  student  ari- 
mainly  from  two  causes.  The  older  formations  in  early  days  were  v^u- 
sidered  much  the  more  important  and  interesting,  while  later  fomiati«>ib 
were  of  little  significance;  and  again,  owing  to  imperfect  view:?,  font...- 
tions  of  widely  diff'erent  origin  were  sometimes  associated  in  the  s;ii«.' 
definition.  For  example,  Professor  Swallow,  on  page  77  of  the  Seoori'l 
Annual  Report,  states  that  "  the  bowlder  formation  abounds  in  all  part'*": 
the  state  north  of  the  Missouri,  and  exists  in  small  quantities  as  far  south 
as  the  Osage  and  Meramec."  In  this  he  includes  with  the  northern  glacial 
drift  what  Broadhead  later  and  more  correctly  calls  "  local  drift/'  and 
which  has  since  been  shown  to  be  in  part  as  old  as  the  Carboniferous. 
Broadhead's  statement  that  the  drift  is  limited  by  the  bluffs  on  the  sontfi 
bank  of  the  Missouri  is,  I  find,  with  a  very  few  exceptions,  correct. 

The  Pregl.vcial  Formations. 
(irneral  oeolooic  and  topographic  features, 

In  considering  the  pre^lacial  formations  a  brief  outline  of  the  general 
topography  of  the  region  they  occupy  will  first  be  given.  Attention  i- 
particularly  directed  to  that  part  of  the  state  of  Missouri  north  of  the 
Missouri  river,  for  the  Pleistocene  formations  are  but  sparsely  distri- 
buUMl  soutli  of  that  stream.  The  region  is  a  plain  sloping  to  the  soutli 
and  east,  into  which  the  larger  streams  have  cut  from  250  to  800  feet.  It^ 
height  at  the  northwestern  corner  of  the  state  is  over  1,200  feet  above  sea- 
leval.  It  descends  toward  the  Missouri  to  an  altitude  less  than  l.OOL^fett 
near  Kansas  city  ami  to  about  70(^  near  the  Mississippi  at  Palmyra. 

The  Ozark  uplift  occupies  a  little  more  than  the  southeastern  quarter  oi 
the  state.  Its  northern  boundary  leaves  the  Mississippi  near  the  niouib 
of  the  Meramec,  passes  northwest  to  the  Missouri,  thence  westward  a  littK' 
north  of  that  stream  to  the  mouth  of  the  Maniteau  and  onward  to  tb»" 
vicinity  of  Sedalia.  It  there  extends  in  an  anticline  running  nortli  t»> 
the  Missouri  in  eastern  Saline  county.  The  western  boundary  of  tlu- 
uplift  follows  the  trend  of  this  anticline  to  the  southwest  and  aftenviini 
to  the  south.  The  Ozark  uplift,  as  thus  outlined,  is  com[)osed  mainly  "i* 
Silurian  rocks.  Along  the  northern  margin  of  the  uplift  is  an  edging  of 
Devonian  rocks,  dii)ping  gently  to  tlie  north.     Separated  from  the  Ozark 


THE    BOWLDKKY    DRIFT.  533 

uplift  is  another  area  of  Silurian  rocks  extending  along  the  northeastern 
border  of  the  state  near  the  Mississippi.     These  are  separated  from  the 
Ozark  uplift  by  the  Alton  fault.     These  also  are  overlain  by  Devonian 
and.  Jjowgt  Carboniferous  rocks  dipping  to  the  north  and  east.    Surround- 
ing these  slightly  elevated  areas  are  the  more  horizontal  Carboniferous 
formations  almost  undisturbed  from  their  original  deposition  in  the  sea. 
The  erosion  of  these  formations,  before  the  deposition  of  the  Pleisto- 
cene brought  out  certain  topographic  features.     By  the  removal  of  the 
.softer  shales  and  sandstones  the  firmer  limestone  areas  were  left  as  ridges, 
t>ie  more  notable  of  which  are  found  in  the  western  part  of  the  state 
and  have  a  prevalent  northeast  trend.    One  crosses  the  Missouri  near 
l>.exington,  another  at  Independence,  another,  less  elevated,  crosses  a 
little  west  of  Leavenworth,  and  a  fourth  near  the  mouth  of  the  Nodaway. 

TffE  BOWLDER Y  DRIFT. 

Its  Character. — The  character  of  this  deposit,  being  of  secondary  im- 
I)ortance  to  our  purpose,  we  shall  but  V)riefly  describe  it.     It  presents 
the  usual  features  of  till  or  unstratified  pebbly  clay,  and  shows  the  usual 
bluish  appearance  where  it  occurs  to  con.^iderable  depth.     It  nowhere 
presents  the  gravelly  and  very  stony  character  which  it  sometimes  dis- 
plays farther  north.     It  is  rarely  more  than  forty  feet  in  thickness  and 
more  frequently  is  less  than  five,  and  over  considerable  areas  consists 
simply  of  a  sprinkling  of  northern  pebbles.     It  contains  numerous  crys- 
talline pebbles  and  bowlders  which  are  frequently  striated.     The  upper 
])ortion  becomes  gradually  less  pebbly  and  acquires  more  of  a  reddish 
color.     This  is  more  noticeable  toward  the  west.     Below  it  often  passes 
insensibly  into  an  accumulation  of  local  bowlder}^  clay  in  which  the 
nodules  of  chert  and  limestone  abound.     Above  it  passes  abruptly  into 
the  loamy  clay,  which  will  be  described  further  on.     So  far  as  yet  dis- 
covered, it  shows  no  basins  or  knobs  which  so  commonly  occur  in  glaci- 
ated regions ;  but,  on  the  other  hand,  its  surface  is  very  even  wherever 
it  is  clearly  undisturbed.     From  erosion  of  the  country  in  the  vicinity  of 
streams  and  valleys  this  formation  has  ])een  creeping  and  slipping,  losing 
in  great  degree  this  horizontal  position.     Masses  of  it  have  in  a  few  cases 
even  descended  to  the  level  of  the  present  streams.     It  nowhere  presents 
beds  of  gravel  or  sand.     In  fact  they  are  sought  for  almost  in  vain 
through  northern  Missouri,  except  in  the  vicinity  of  present  streams  and 
at  low  levels,  and  even  in  such  localities  are  found  but  8i)arihgly.     The 
(irift  is  most  thickly  deposited  in  the  northwestern  corner  of  the  state,  ex- 
tending as  far  south  as  Saint  Joseph,  and  also  along  the  divide  between 
the  Chariton  and  the  streams  flowing  into  the  Mississippi.     It  should  be 
remarked  in  this  connection  that  the  extreme  northern  part  of  the  state 
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has  not  been  fully  explored.  No  distinct  traces  of  a  forest  IkkI  or  "M 
soils  have  been  found  in  the  region  under  consideration.  Even  Mr 
McGee,  who  may  be  considered  an  expert  upon  this  point,  in  his  exami- 
nation of  Macon  county*  failed  to  discover  any. 

Striaj  are  rarely  found  on  the  underlying  rock.  So  far  as  yet  di.s.-»'\- 
ered  they  are  found  only  in  the  vicinity  of  the  Missouri  river.  They  ar» 
found  a  little  north  of  Saint  Joseph  in  small  patches  about  125  u-' 
above  the  Missouri,  in  directions  south  and  south  26  degrees  west.  S»> .» 
were  reported  from  Parksville,  but  have  not  been  examined.  Near  H:.r- 
lem,  opposite  Kansas  Hty,  fine  examples  were  found  on  a  ledge  ab«»'it 
130  feet  above  the  level  of  the  river,  liaving  the  directions  south  7,  !-• 
and  24  de^^rees  west,  and  others  very  clearly  shown  south  51  de^rt^ - 
east.  In  the  eastern  part  of  Kansas  City,  a  slight  scratching  of  the  ro(  k- 
was  found  about  100  feet  above  the  river,  with  the  direction  south  ani 
south  6  degrees  east.  Another  locality,  about  7  miles  south  of  Glasgow, 
was  reported  to  me  by  the  late  Professor  S.  H.  Trowbridge  as  Win.' 
about  100  feet  above  the  river  and  showing  directions  a  little  west  *•: 
south  and  south  20  to  25  degrees  west.  I  believe  Professor  J.  W.  Kil- 
patrick  reported  upon  this  locality  in  '*  Science  ''  two  or  three  years  at:  •. 

Didribnlion  of  Bowhlenf  Drift. — The  bowldery  drift  covers  the  who\ 
surface  of  the  sttxte  north  of  the  Missouri  river,  with  few  exceptions  here- 
after to  be  stated,  and  very  unimportant  narrow  areas  south  of  tl.i'- 
stream  and  also  along  the  western  bank  of  the  Mississippi.  The  exan 
limit  of  the  drift  hjis  been  quite  carefully  t?tudied  on  account  of  its  signiri- 
cance ;  still  two  obstacles  have  prevented  its  exact  determination :  one. 
it^  vicinity  to  the  Missouri  and  consequent  removal  by  erosion ;  theotlu-r. 
tlie  foct  that  it  is  often  deeply  buried  under  the  loess.  The  drift  ii:«uaily 
thins  out  toward  tlie  edge,  although  in  a  few  cases  it  is  quite  well  devel- 
oped near  the  border,  as  north  of  Hibernia  and  in  the  vicinity  of  War- 
renton.  Where  the  border  approaclies  higher  land  it  ri^e?<  slightly  aU^ve 
its  general  surface  farther  north. 

The  following  t;ible  pre.<ent^^  the  occurrence  of  northern  ernitii-s  on  »' 
very  near  the  margin.  The  altitudec^  are  merely  elo.'^e  estimates  deriv^-i 
fn.)m  barometric  notes  and  reference  to  the  topographic  map  of  ti" 
region  publislietl  by  the  Unitetl  States  (.geological  Survey. 
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-       ,.,  Altitude  above    Altitude  above 

Locality.  Missouri  the  nen. 

Wivverly,  soutliwest  of  town,  Lafayette  county 80  730* 

Salt  Springs,  northwest  of  railroad  bridge,  Saline  county 7:W* 

Marshall,  east  of  junction,  top  of  till,  Saline  county 730* 

North  of  Blackwater,  Cooper  county 820 

Billingsville,  Cooi^er  county 700* 

Kast  of  Rocheport,  Boone  county 200  770* 

HI  tiffs  thirteen  miles  south  of  Columbia,  near  mouth  of 

Bon  Femme,  Boone  county 300  SoO 

I  libernia  and  two  miles  south,  Callaway  county 330  8(K) 

North  of  Saint  Aubert,  at  various  levels  up  to  five  miles 

north  of  Saint  Aubert,  Callaway  county 300  830 

Five  miles  northwest  of  Portland,  Callaway  county 840 

r>anville,  Montgomery  county 830 

Four  miles  south  of  New  Florence,  Callaway  county 850 

Two  thirds  of  a  mile  south  of  Warrenton,  Warren  county .         ...  850 

Tuque,  seven  miles  south  of  Wright  City,  Warren  county .         ...  875 
New  Melle,  seven  miles  south  of  Wentzville,  Saint  Charles 

t^ounty,  about 800 

Gilmore,  Saint  Charles  county 600 

Near  Troy,  west  of  Cuivre  river,  Lincoln  county,  about 675 

Two  miles  east  of  Briscoe,  Lincoln  county 800 

Three  miles  east  of  Silex  (Auburn),  Lincoln  county 825 

Cyrene,  Pike  county 845 

Bowling  Green,  Pike  county 880 

Three  miles  east  of  McCune's,  Pike  county 825 

Near  Hannibal 675 

Palmyra 650 

THE  LOESS  OR  LOAMY  CLA  Y. 

Its  Charac(4it\ — Of  this  we  need  say  but  little.  Its  typical  development 
has  been  often  described  and  is  most  marked  in  the  vicinity  of  the  larger 
streams.  The  fact  that  it  changes  its  character  has  not  been  so  com- 
monly recognized.  Professor  Salisbury,  in  his  re[)ort  on  Crowley  ridge, 
Arkansas.  ha.s  called  attention  f  to  the  fact  that  it  becomes  more  clayey 
away  from  the  principal  streams,  and  it  should  also  be  added  that  its 
composition  varies  according  to  the  formations  around  it.  Its  clayey 
form  is  sometimes  of  a  reddish  cast,  as,  for  instance,  in  the  ridges  in  the 
western  part  of  the  state,  but  more  frequently,  in  central  and  eastern 

*Tliose  marked  with  a  star  are  in  an  old  channel  of  the  Missouri. 

Professor  Broadhead,  on  page  22  of  the  Missouri  Geological  Report  for  1873-'74,  reports  the  find- 
injc  of '*  quartaslte  and  greenstone  "  pebbles  in  a  heavy  deposit  of  gravel  "  in  Saint  Louis  county, 
three  miles  north  of  Glencoe."  He  kindly  direct<«d  me  to  the  place,  and  after  spending  several 
hours  examining  the  deposit  and  its  surroundings  I  concluded  th^t  I  could  find  nothing  of 
northern  or  crystalline  origin.  Moreover,  examination  of  several  favorable  exposures  in  the 
eastern  part  of  the  county  confirmed  me  in  my  conclusion  that  the  region  is  truly  driftless.  The 
gravel  appears  to  be  of  older  origin  than  the  Quaternary. 

Professor  Meek  reports  that  a  granite  bowlder  eighteen  inches  in  diameter  was  found  in  the  south- 
ern part  of  Morgan  county,  which  is  certainly  a  puzzle.     Missouri  Geol.  Report,  1856-71,  p.  139. 

t  Arkansas  Gool.  Rep.,  vol.  ii,  1889,  p.  226. 
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Missouri,  it  is  of  a  lightish  and  light  gray  complexion.  It  very  closely 
resembles,  if  it  is  not  identical  with,  the  white  clays  described  by  Mr 
Leverett  as  found  in  Indiana  and  southern  Illinois  *  This  variety  rt- 
sembles  the  residuary  clays  quite  common  in  sub-Carboniferous  an-i 
Silurian  areas,  and  also  a  clay  sometimes  underlying  the  drift  in  north- 
central  Missouri.  Mr  McGee  states  that  the  formation  which  he  rd!!> 
^*  upper  till  "  in  southeastern  Iowa  is  the  equivalent  of  the  loess.f  I  havi- 
not  been  able  to  distinguish  his  "  upper  till  "  from  this  gray  loaray  clay. 

The  Livi'd  of  tlie  Loess  and  oMocuited  Deposits. — One  of  the  first  thing- 1 
discovered  in  studN^ing  the  loess  at  Kansas  City,  where  it  is  fineh'^  devel- 
oped, was  the  fact  that  there  is  a  higher  loess  and  a  lower  loess.  Thv 
latter  is  the  deep  silt  covering  of  a  higli  terrace  which  rises  125  to  l-^" 
feet  above  the  Missouri  and  is  confined  to  it3  near  vicinity. J  The  former 
18  that  which  caps  the  unmodified  bowlder-clay  where  it  occurs,  an«i 
covers  in  some  form  all  the  uplands  north  of  the  Missouri  river,  as  Wfll 
as  considerable  areas  to  the  south.  The  lower  formation  will  be  con- 
sidered later,  under  the  head  of  terraces. 

For  several  reasons,  no  less  prominent  in  Missouri  than  elsewhere,  it  \> 
almost  always  difficult  to  determine  the  limits  of  the  loess  No  beach 
lines  have  been  found.  Topography  and  depth  of  deposit  are  in  many 
places  the  most  obvious  means  of  determining  the  margin.  Not  only 
does  the  loess  resemble  the  adjoining  residuary  clays  and  loams,  but  the 
two  are  apparently  intermingled.  The  loess-covered  plain  not  only  QO\^n^ 
northern  Missouri,  but  all  Iowa  outside  of  the  moraine  and  Nebraska  to 
its  northern  boundary  and  as  far  west  as  Aurora,  Nebraska,  and  Salina. 
Kansas.     Its  southern  boundary  in  Missouri  may  be  given  as  follows : 

Locality.  How  marked.  a6or<  v« 

Kansas  City,  Jackson  county  (^liaracter,  depth  and  toj)Ography , .  y-'^O 

South  of  I^ke  City,  Jackson  county. ...  '*  "  , .  OlV> 

West  and  s<uithw(»st  of  Sibley,  Jackson 

county "  *' 

Soutliwest     of     Lexington,     Lafayette 

county •'  "  . .  in^ 

Near  May  view,  Lsifayettc*  county **  . .  SiH) 

South  of  May  view,  Lafayette  county **  

Southwest  of  Brownsville,  Saline  county "  . .  ^^^-^ 

South  of  Hughes ville,  Pettis  county **     '*  . .  fs^"^- 

Near  Pilot  Grove,  Cooper  county **  . ,  835± 

Southeast  of  Billin^ville,  Cooi)er  county ^*  . .  S25- 

North  of  Prairie  Home,  Cooi>er  county "     ....  "  . .  S^  ':^ 

Near  Jamestown,  Moniteau  county "  . .  8-V)r 


•Am.  Geologist,  vol.  lo,  p.  18. 

t  Geology  of  Macon  County,  Trans.  St.  Louis  Acad.,  vol.  5,  p.  317.  • 

JCf.  R.  E.  Cull.  Crowley  Ricige,  Ark.  Gool.  Rep.,  vol.  ii,  1889,  p.  41,  where  ho  recognizes  a  later  md 
lower  loess,  though  he  docs  not  find  it  in  terrace  form. 
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From  this  poiut  the  margin  seems  to  have  been  in  the  present  trough 
of  the  Missouri,  for  all  flats  north  of  there  are  more  or  less  covered  with 
it,  while  the  heights  south  rarely  show  it.  This  relation  obtains  at  least 
to  the  east  line  of  Callaway  county.  It  has  not  been  clearly  recognized 
on  the  high  swells  and  knobs  in  Montgomery  and  Warren  counties.  It 
is  certainly  not  to  be  found  on  the  knobs  in  Pike  and  Lincoln  counties. 
A  deposit  closely  resembling  it,  if  not  contemporaneous,  covers  levels  in 
Saint  Charles  and  Saint  Louis  counties  up  to  150  to  200  feet  above  the 
Missouri.  Its  southwestern  boundary  in  Saint  Louis  county  is  not  far 
from  the  Creve  Cceur  branch  of  the  Missouri  Pacific  railroad.  It  does 
not  overtop  Grays  summit,  though  very  near  it.  Its  limit  in  this  por- 
tion— ^that  is,  in  Montgomery.  Warren  and  Pike  counties — may  be  said 
to  correspond  approximately  with  that  of  the  drift,  though  rising  per- 
haps 25  to  45  feet  higher  and  extending  correspondingly  farther  where 
the  topography  permits. 

It  should  stated,  however,  that  as  the  margin  of  the  drift  declines  very 
much  along  the  Dardenne  and  Cuivre  rivers,  so  also  with  the  loess  or  gray 
clayey  loam.  The  two  do  not  lose  their  relations  to  each  other,  though 
they  cover  the  hilltops  and  hillsides  like  a  blanket. 

It  should  be  noted  also  that  the  eastward  slope,  which  prevails  in  Saint 
Charles  county  from  its  western  boundary  nearly  to  the  great  rivers, 
shows  a  deep  yellowish  clay,  wKich  differs  from  the  gray,  loamy  clay, 
though  the  exact  relation  of  the  two  I  have  not  very  clearly  determined. 
The  yellow,  I  think,  is  a  preglacial  residuary  clay  of  Carboniferous  origin. 

Terraces,  An'cient  Channels  and  Rapids. 

It  is  found  convenient  to  treat  these  together.  While  we  have  already 
stated  that  the  Pleistocene  area  was  mainly  a  plain,  we  wish  now  to 
make  an  important  modification  of  that  statement.  There  are  quite 
extensive  areas  occupied  by  high  terraces,  which  are  mostly  formed  by 
deposition.  The  principal  one  rises  from  125  to  175  feet  above  the  present 
Missouri.  Others  much  less  conspicuous  are  found  along  the  Grand 
river  and  other  tributaries  to  the  Missouri,  both  north  and  south.  A  few 
small  patches  of  a  similar  formation  occur  along  the  Mississippi  at  lower 
altitudes.  This  principal  terrace  generally  consists  of  from  80  to  50  feet 
of  buff  loess,  with  two  or  three  thick  strata  of  reddish  clay  underneath. 
Below,  this  clay  it  is  often  interstratified  with  chert,  pebbles  and  northern 
drift,  sometimes  intermixed  so  as  to  closely  resemble  till.  In  other  cases, 
the  sand  and  gravel  may  form  the  lower  half  of  the  terrace,  25  to  50  feet 
in  thickness.  This  terrace  sometimes  shows  rock  very  high  in  its  mass, 
while  in  other  localities  the  stratified  terrace  deposits  extend  down  to  the 
level  of  the  present  stream  or  even  below. 
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This  terrace  is  finely  shown  at  Kansas  City,  both  upon  the  north  sid*. — 
the  river  front,  and  also  in  the  southern  j)art  of  the  city,  in  a  valley  v  ♦u- 
necting  the  Kansas  river  with  the  Big  Blue.  Many  excavations  bliv* 
well  its  general  structure,  indicating  the  local  derivation  of  much  of  i- 
material.  It  is  developed  along  the  Big  Blue  near  its  mouth  andu»  i\\y> 
broad  at  Sibley.  On  the  north  bank  of  the  Missouri  it  is  finely  sh«jwT; 
near  Camden,  south  of  Richmond,  at  Brunswick,  about  Gla.sgow  and  ex- 
tensively in  the  southern  part  of  Howard  count}'.  Upon  the  south  -i  i 
of  the  river  a  small  patch  of  it,  as  of  an  old  bend,  is  found  southwe:?!  •: 
Lexington  and  again  at  Waverly,  where  an  old  channel  leaves  the  pn-u.: 
trough  of  the  Missouri.  This  channel  leads  southeast  along  the  pre^»  u: 
course  of  Salt  creek  to  the  La  Mine,  its  southern  bank  passing  Salt  Spring 
and  Marshall.  Near  th  e  mouth  of  the  La  Mine  it  connects  with  the  pre>»ir. 
channel  of  the  Missouri ;  then  extends  still  farther  southeast  to  Billinj- 
ville,  and  thence  east  to  the  Missouri  along  the  course  of  the  Little  Saliii'^, 
which  marks  its  southern  bank.  This  channel  is  filled  to  a  height  ci>rrt- 
sponding  to  the  terrace  we  are  considering,  namely,  100  to  150  feet  ahu\> 
the  present  level  of  the  stream.  It  shows  an  abundance  of  sand  in  it- 
lower  portion.  In  fact,  its  course  lyis  been  traced  by  the  occurrence  '-t 
sand  in  deep  wells  along  this  line. 

Little,  if  any,  trace  of  this  high  terrace  is  found  in  the  deep  and  com- 
paratively narrow  gorge  reaching  from  near  Jamestown,  in  northeni 
Moniteau  county,  to  the  west  line  of  Saint  Charles  county,  although  h<-^^ 
is  found  capping  rocky  ledges  at  a  height  corresi)onding  to  this  terrare 
at  Jefferson  City  and  at  Chamois. 

A  terrace  corresponding  to  the  one  under  consideration  is  found  ai 
Washington  and  Labadie,  in  Franklin  county,  and  probably  at  other 
j>oints  on  the  southern  bank  of  the  Missouri,  but  is  most  promiuentlv 
developed  in  the  vicinity  of  Saint  Charles,  where  the  base  is  coniiK)^<'i 
of  limestone  rising  2o  feet  al)ove  the  river.  Upon  this  limestone,  scat- 
tered northern  bowlders  are  found  with  some  i)ebbly  clay.  The  up|KT 
part  of  the  terrace,  as  is  well  shown  at  Saint  Charles,  is  composed  of 
typical  loess  with  red  clay  and  a  thin  strata  of  red  sand  in  its  lower  por- 
tion. At  this  point  this  terrace  may  be  considered  as  belonging  t^  tin- 
Mississippi,  and  a  somewhat  similar  development  of  it  may  be  foiiivl 
near  Winfield  and  Old  Monroe,  while  at  Louisiana  and  near  the  luouih 
of  Salt  river  and  near  Hannibal  are  small  areas  exhibiting  a  much  morf 
bowldery  character,  especially  at  the  last  point  mentioned,  \vhere  detf 
deposits  of  coarse  gravel  appear.  What  is  believed  to  be  the  same  ter- 
race is  extensively  developed  around  P'^lorissant  and  in  the  eastern  |H»r- 
tion  of  Saint  Louis,  extending  more  or  less  distinctly  as  far  as  the  mouth 
of  the  Meramec.  This  terrace  everywhere  bears  northern  bowMfPs. 
s])ai'sely  scattered. 
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Along  the  coarse  of  the  Missouri,  in  Saint  Charles  county  below  Dut- 
zow,  there  is  also  a  much  eroded  terrace  consisting  of  a  thick  formation 
of  loess  resting  upon  a  rocky  base.     This  rises  to  the  height  of  about  200 
ft.'et  above  the  present  stream,  is  well  shown  at  Dutzow,  Augusta,  and 
leas  distinctly  between  the  lower  course  of  the  Dardenne  and  the  Mis- 
souri.    It  seems  to  correspond  in  structure  to  the  loess  formation  at 
Alton.     No  northern  drift  is  found  upon  it  in  the  valley  of  the  Missouri. 
This  also  covers  the  peninsula  between  the  Missouri  and  the  Mississippi 
in  Saint  Louis  county  as  far  south  as  Creve  Coeur.    Traces  of  loess  at  a 
similar  level  are  found  at  Cape  Girardeau,  and  surrounding  the  lower 
portion  of  the  ancient  rocky  island  at  Grand  Tower  loess  accumulation 
is  built  up  ill  terrace  form  to  the  height  of  125  to  130  feet.     This  bears 
evidence  of  being  recently  formed.     It  contains  closed  basins  which  have 
not  yet  been  opened  by  erosion. 

A  small  bowlder  of  greenstone  was  found  at  the  height  of  about  80 
feet  above  the  Mississippi  at  this  point.  This  may  be  considered  equiva- 
lent to  the  lower  terrace,  so  well  developed  higher  up. 

We  should  here  speak  of  the  withdrawal  of  the  Missouri  from  certain 
channels.  The  valley  passing  through  the  southern  part  of  Kansas  City 
may  be  considered  an  old  channel  of  the  Kansjis  river  connecting  with 
the  Big  Blue.  The  Kansas  river  vacated  this  channel  and  emptied  di- 
rectly into  the  Missouri  by  its  present  course  through  what  may  have 
been  before  a  mutual  flood-relief  channel  between  these  two  streams. 
This  took  place  about  the  time  of  the  formation  of  the  high  terrace 
already  described.  The  change  of  the  Missouri  from  the  old  channel 
leading  from  Waverly  southeast  through  Saline  county  may  have  been 
caused  in  a  similar  way  and  about  the  same  time  by  the  Missouri  pre- 
ferring a  similar  flood-relief  channel  between  it  and  the  Grand  river. 
More  recently  a  similar  change  has  taken  place  between  the  Little  Blue 
and  the  Missouri,  east  of  Independen(;e.  The  Little  Blue  runs  now 
northwest  to  the  Missouri  from  a  point  a  little  east  of  Independence ;  but 
from  the  same  point  a  broad  valley,  largely  occupied  by  ponds  and 
marshes,  extends  eastward  to  the  Missouri  near  Nai)oleon.  This  valley 
is  but  little  elevated  above  the  present  flood  plain  of  the  Missouri. 

The  only  case  of  ancient  rapids  which  has  been  distinctly  observed  is 
that  at  Weston,  a  little  north  of  Leavenworth.  At  that  point  there  is 
found  on  the  Missouri  side  of  the  river  a  remarkable  stratum  of  cobble- 
stones and  gravel  16  to  18  feet  in  thickness.  Its  base  is  about  140  feet 
above  the  present  stream.  It  reaches  for  a  mile  or  more  in  the  direction 
of  the  river.  It  is  composed  mainly  of  limestone  bowlders  similar  to  the 
strata  which  Professor  Broadhead  has  designated  as  numbers  150  to  152  of 
his  Upper  Coal  Measure  section.*    About  three  and  a  half  miles  north  of 

•Missouri  Geol.  Report,  pnrt  II,  1872,  p.  92. 
LXXV—Bui.!..  Gbol.  Soc.  Am.,  Vol.  5.  1893. 


540  J.  E.  TODD — PLEISTOCENE   PROBLEMS   IN   MISSOURI. 

Weston  he  reports  these  strata  to  be  230  feet  above  the  Missouri  or  1,080 
feet  above  the  sea.  It  seems  a  pretty  clear  case  of  an  ancient  rapid  made 
when  the  Missouri  river  was  cutting  down  from  the  level  of  stratum 
**  150."  Scattered  through  the  cobble  layer  are  occasional  bowlders  of 
granite,  red  quartzite  and  greenstone,  while  the  same  are  more  abundant 
on  the  upper  surface.  The  loess  at  Weston  rests  directly  upon  the  cobble- 
stone layer  and  rises  40  to  50  feet  above  it,  while  not  far  away,  as  near 
latan,  the  loess,  according  to  Broadhead's  report,  rises  to  335  feet  above 
the  Missouri. 

This  same  ridge,  about  12  miles  northeast  of  Weston  at  Camden 
Point,  on  the  Platte  river,  exhibits  probably  the  same  stratum  at  an 
altitude  of  1,000  feet  above  the  level  of  the  sea.  It  is  not  unlikely  that 
a  similar  deposit  may  be  found  in  that  vicinity.  No  bowldery  stratum 
occurs  on  the  Kansas  side  of  the  Missouri. 

Relation  op  present  Topography   to  the  Pleistocene  Formations. 

Several  facts  under  this  head  have  already  been  mentioned.  These 
need  not  be  repeated,  and  only  a  few  of  the  more  important  need  be 
added.  The  whole  Pleistocene  region  prcisents  in  portions,  more  remote 
from  streams  or  in  localities  protected  from  wash  or  erosion,  patches  of  a 
very  level  and  even  surface,  which  we  may  call  flats.  This  feature  seems 
to  be  characteristic  of  the  recently  formed  Pleistocene  areas  as  distinct 
from  the  older  formations  in  their  vicinity.  The  feature  appears  to 
abound  about  Lathrop  and  Cameron  and  fartlier  northwest,  about  Mary- 
ville,  but  it  is  much  more  extensive  in  the  eastern  portion  of  the  state. 
It  is  well  shown  between  ^lacon  and  Palmyra  and  between  Moberly  and 
Bowling  Green ;  also  along  the  Wabash  line  between  Higby  and  War- 
renton.  Even  along  lines  which  descend  from  this  plain  the  edge  is 
quite  distinctly  marked.  It  appears  also  well  developed  on  the  margin 
of  the  Pleistocene  at  a  number  of  points,  marking  quite  distinctly  the 
outline  of  these  formations  as  contrasted  with  the  high  and  less  even 
surface  of  the  older  deposits.  This  is  seen  along  the  east  side  of  a  ridge 
running  many  miles  southwest  of  Lexington ;  also  near  Hughesville, 
north  of  Sedalia,  and  near  Prairie  Home,  in  the  eastern  part  of  Cooper 
county.  This  relation  appears  still  more  distinctly  near  Edgewood  and 
McCunes,  in  Pike  county.  Similar  areas  also  appear  in  Warren  and 
Montgomery  counties.  We  have  spoken  of  this  region  as  a  plain  and 
have  referred  to  its  great  erosion  and  formation  of  extensive  terraces 
occupying  wide  areas  within  it.  A  further  qualification  must  now  be 
added  to  the  general  statement  by  calling  attention  to  a  certain  deforma- 
tion. Its  surface  rises  50  to  75  feet  as  it  approaches  the  margin  in 
ejistern  Boone  county,  and  also  in  the  vicinity  of  Bowling  Green.  Pike 
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county.  There  ia  also  a  degradation  or  lowering  of  the  plain  near  the 
iiiivrgin  in  the  axes  of  the  valleys  near  Salt  river,  Cuivre  river  and  the 
Bi<^  Muddy.  For  example,  although  the  general  elevation  of  the  plain 
on  either  side  is  about  850  feet  near  Troy,  in  the  valley  of  the  Cuivre, 
the  drift  overlaid  by  loamy  clay  rises  to  an  altitude  of  less  than  750  feet, 
and  more  distinctly  disturbed  masses  may  be  found  similarly  related 
even  down  to  the  level  of  the  stream. 

Another  feature  which  has  a  very  important  bearing  upon  our  problems 
its  the  low  altitude  of  the  divide  between  the  Missouri  and  Meramec 
rivers  at  Grays  summit.  This  is  traversed  by  a  valley  or  col  at  an  alti- 
tude of  only  665  feet  above  the  level  of  the  sea.  This  valley,  by  its  relief 
jind  its  loose  material,  suggests  a  former  channel,  possibly  occupied  for 
only  a  short  time.  I  found  no  distinctly  alluvial  deposits.  It  is  bounded 
on  the  east  by  a  rather  abrupt  escarpment  rising  over  200  feet  higher. 
This  tableland  is  composed  of  the  lower  formations  of  the  Silurian 
rocks,  the  same  which  formed  the  higher  knobs  bounding  the  margin  of 
the  drift  area  where  it  lies  north  of  the  Missouri  and  west  of  the  Mis- 
sissippi. This  col  rises  only  a  little  higher  than  the  loess-topped  terrace 
at  Augusta  and  Alton,  and  is  200  feet  lower  than  the  edge  of  the  drift, 
which  is  only  about  fifteen  miles  distant,  to  the  northwest. 

Closely  related  to  this  fact  is  another,  similarly  surprising  and  signifi- 
cant, namely :  While  the  Pleistocene  deposits  in  eastern  Missouri  are  750 
to  850  feet  above  the  sea,  similar  deposits  in  Illinois,  a  few  miles  east,  lie 
at  an  altitude  of  only  500  to  600  feet.  In  other  words,  one  descends  250 
feet  in  going  about  50  miles.     The  formations  and  topography  are  alike. 

Hypotheses  as  to  the  Origin  of  the  Pleistocene  Formations. 

There  are  but  three  suppositions  which  we  conceive  can  be  reasonably 
made  concerning  the  origin  of  tlie  Pleistocene  formations  of  the  region 
under  consideration.  The  first  ascribes  them  mainly  to  subglacial  origin, 
the  second  to  lacustrine  conditions  iissisted  by  floating  ice,  and  the 
third  attributes  them  to  flooded  streams,  also  assisted  by  much  floating 
ice. 

DISCUSSION  OF  THE  SUBGLACIAL  HYPOTHESIS. 

The  Hypotheitis  stated. — The  most  probable  conception  of  the  subglacial 
origin  is  about  as  follows:  At  the  "time  of  the  maximum  extent  of  the 
great  ice-sheet  it  covered  all  areas  in  which  are  found  either  striated 
ledges  or  accumulations  of  unstratified  bowldery  clay.  This  is  probably 
in  harmony  with  the  view  genemlly  accepted  by  glacialists.  According 
to  this,  the  land  ice  must  have  extended,  at  least  for  a  short  time,  nearly 
to  the  boundary  of  the  bowldery  drift,  or,  in  other  words,  to  the  vicinity 
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of  Kansas  City  and  the  Missouri  river,  from  that  point  nearly  to  J»^iT»r- 
son  City,  and  down  the  Cuivre  valley  as  far  as  Troy  and  along  the  M - 
sissippi,  perhaj)s  crossing  it  as  far  south  as  Hannibal.  This,  sls  I  uiidt^r- 
stand  it,  has  been  the  conception  entertained  by  previous  writers  u|»<..: 
the  Quaternary  deposits  of  Missouri.  From  the  light  brought  out  I'V 
the  study,  the  principal  conclusions  of  which  have  been  already 'giv«r.. 
several  difficult  questions  arise. 

Ohjecilons  to  Uw  Ht/pothe>ilM. — In  considering  this  hypothesis  one  of  t'::» 
most  serious  difficulties  is  the  disagreement  of  the  forgoing  sup|H>siti"i» 
with  the  great  difference  in  altitude  of  the  drift  in  Missouri  and  tliat  i:! 
Illinois,  not  fifty  miles  away,  together  with  the  absence  of  drift  ovt-:  I 
Saint  Louis  county  and  down  the  valley  of  the  Meramec.  Since  we  fin  i  ' 
no  gravel  or  other  evidences  of  rai>id  streams  descending  from  tlie  eilL> 
of  the  drift  down  to  the  present  river,  we  would  naturally  suppose  thit 
the  waters  of  that  mighty  flood  flowed  gently  near  the  altitude  of  tht 
Missouri  drift  or,  in  other  words,  at  an  altitude  of  about  800  to  900  fet-t 
above  the  sea  in  the  vicinity  of  the  col  connecting  the  valley  of  tin* 
Missouri  with  that  of  the  Meramec ;  but  the  altitude  of  that  col  is  le-^- 
than  700  feet,  and  no  traces  of  northern  drift  transported  by  water  aiv 
found  either  upon  it  or  down  the  valley  of  the  latter  stream.  Moreover,  n«> 
traces  of  northern  erratics  are  found  over  the  area  north  of  this  valley,  a- 
we  should  naturally  exj)ect  if  this  stream  ever  flowed  at  that  altitude,  nor 
in  the  valley  of  the  former  stream  more  than  150  feet  above  its  present 
level.  If  we  supi)03e  that  this  region  was  once  sprinkled  with  northern 
erratics,  it  seems  impossible  that  they  should  have  been  entirely  reniovi^d 
by  erosion.  If,  on  the  other  hand,  we  suppose  that  the  waters  draininji 
from  the  land-ice  flowed  in  the  Missouri  at  too  low  a  level  to  e8caj)e 
over  Grays  summit  into  the  Meramec,  or  to  cover  the  high  land  betwet'ti 
Saint  Charles  and  Saint  Louis,  then  how  can  we  avoid  the  conclusion 
that  torrential  streams  nmst  have  plunged  violenth'  down  the  short 
steeps  from  the  level  of  the  ic(?  to  that  of  the  Missouri  200  or  300  feet 
below;  and,  if  so,  why  should  we  not  find  numerous  bowlders  and  fra^r- 
ments  of  torrential  deposits  of  sand  and  gravel,  hid  away  in  some  nook? 
of  the  old  ravines?  The  whole  margin  of  the  supposed  land-ice  in  Mi>- 
souri  must  have  presented  j)henomena  of  such  character  more  or  less. 
How  impossible  that  all  should  have  been  swept  away ! 

Moreover,  if  some  solution  of  this  difficulty  could  be  found,  so  far  iv? 
it  concerns  the  bowldery  drift,  how  could  we  conceive  the  deposition  of 
the  higher  loess  and  gray  loamy  clay  to  have  occurred  with  this  yawn- 
ing gorge  all  around  ?  * 

♦Surely  Darwin'n  suKgestlon,  recently  rt'iteruted  by  (jeikie,  tliat  viilleys  booame  choked  with 
snow  or  ice,  can  sf-arcely  be  coii'-eivod  atloqiiato  to  »'xplaiu  this  case.  (FragraenU  of  Earth-Lore, 
page  180 ;  teste,  Am.  Jour.  Sci.,  vol,  47,  p.  Ijo.) 
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Another  difficulty  is  the  remote  distribution  of  the  ice.  We  have 
already  alluded  to  the  great  distance  at  which  the  drift  is  found  in 
northern  Missouri  from  the  original  center  of  dispersion.  This  was  at  least 
lis  far  away  as  the  northern  boundary  of  Minnesota.  Considering  the 
movement  of  the  ice  at  later  stages,  it  must  have  advanced  either  down 
the  valleys  of  the  Red,  James  and  Missouri  rivers  or  over  eastern  Minne- 
sotii  across  the  valley  of  the  Des  Moines  and  the  high  land  in  southern 
Iowa.  If  we  suppose  the  glacier  moved  by  the  former  route,  this  is  cer- 
Uiinly  its  greatest  advance  toward  the  south.  If  by  the  latter,  we  can 
scarcely  conceive  how  ice  should  have  flowed  in  this  direction  rather 
than  into  eastern  Iowa  and  into  the  region  which  is  known  to  be  drift- 
less. 

If  these  two  streams  were  confluent,  as  is  commonly  assumed,  we  may 
state  the  difficulty  as  follows :  It  matters  little  what  the  original  starting- 
point  of  the  glacier  was.    From  the  analogy  of  the  Greenland  ice-sheet, 
in  order  to  extend  the  ice  to  the  vicinity  of  Glasgow,  central  Missouri, 
the  ice-sheet  may  have  risen  to  an  altitude  of  8,000  or  9,000  feet  at  the 
north  line  of  Iowa.    The  distance  of  the  margin  of  tl>e  drift  in  eastern 
Nebraska  from  the  western  margin  of  the  Wisconsin  driftless  area  is 
barely  300  miles.    With  such  an  altitude  of  ice,  why  should  the  ice  have 
extended  southward  into  central  Missouri  full  300  miles,  but  scarcely 
half  that  distance  eastward,  else  it  would  have  encroached  upon  the 
Wisconsin  driftless  area?    The  great  altitude  of  the  western  margin  in 
Nebraska  may  have  prevented  its  flow  in  that  direction,  but  the  present 
altitude  of  the  driftless  area  is  no  greater  than  the  high  land  in  southern 
Iowa.     If,  as  is  thought  by  many,  there  was  a  northern  depression  during 
this  stage  of  the  ice  this  difficulty  would  have  been  greater.    Should  it 
be  suggested  that  Greenland  is  a  colder  region  than  this  was  during  the 
Ice  age,  and  that  therefore  the  ice  need  not  be  assumed  to  have  been  as 
thick,  again  the  difficulty  is  only  aggravated. 

THE  LACUSTRINE  THEORY. 

'Hie  Theory  dated. — Probably  the  best  presentation  of  this  hypothesis 
would  be  about  as  follows :  Such  was  the  altitude  of  the  region  under 
con><ideration  that  all  portions  now  known  to  be  strewn  with  northern 
erratics  at  a  high  level  were  simultaneously  or  successively  brought  be- 
neath the  waters  of  a  great  glacial  lake  or  system  of  lakes,  and  that  the 
loess  was  probably  deposited  in  a  later  and  greater  extension  of  the  same 
which  probably  attended  the  melting  of  the  larger  portion  of  the  ice- 
sheet  in  the  Missouri  valley.  The  ice-sheet  may  have  entered  the  state 
from  the  north  to  an  indefinite  distance,  but  the  larger  portion  of  the 
area  was  covered  with  subaqueous  formations.     Into  this  lake,  or  series  of 
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lakes,  the  waters  from  the  west  and  north  drained.  A  ridge  possibly  * 
separated  it  from  the  Gasconade  and  the  present  lower  Missouri,  whicli 
we  will  suppose  were  then  one  stream  flowing  north  to  the  Illinois  river 
near  Alton.  The  conception  that  a  body  of  wat^r  depositing  the  loess  over 
Missouri  >va8  continuous  with  the  gulf  of  Mexico  or  even  with  a  similar 
body  to  itself  in  southern  Illinois  seems  to  be  positively  forbidden  by  the 
marked  differences  in  altitude  of  loamy  deposits  in  the  different  areas»  a.«< 
has  been  already  stated.  The  lake  drained  probably  northward,  perhaps 
into  the  Des  Moines,  which  may  have  found  its  way  across  in  an  eai*t- 
erly  direction  to  the  Illinois  river.  The  high  land,  which  seems  to  he  a 
continuation  of  this  ridge  in  Pike  county,  Missouri,  extends  between  the 
Mississippi  and  Illinois  as  far  north  as  Adams  county,  Illinois,  if  not 
farther,  and  in  Calhoun  and  Pike  counties.  It  is  reported  by  Professor 
Salisbury  to  be  driftless.f  In  this  lake  the  bowldery  drift  may  have 
been  deposited  by  the  transportation  of  floating  bergs  and  river  ice  de- 
rived from  the  many  active  glaciers  farther  north.  As  the  outlet  was 
dammed  by  the  Illinois  lobe  of  ice  or  by  northward  depression  of  the 
region,  or  by  both,  it  became  filled  with  loess  from  the  glaciers  which 
may  have  ceased  to  flow  and  therefore  contributed  little  coarse  material. 
We  may  also  suppose  that  some  of  the  loess  was  derived  from  the  abun- 
dant Tertiary  deposits  of  silt  on  the  western  plains.  The  upper  Missis- 
sippi, before  this  flowing  through  the  buried  channel,  reported  by  Mr  Lev- 
erett  as  extending  from  the  mouth  of  the  Wapsipinnicon  to  the  Illinois  at 
Hennepin,  was  also  dammed  and  emptied  its  waters  for  a  time  into  this 
same  lake.  About  this  time  we  may  suppose  there  was  an  overflow 
down  the  present  course  of  the  Mississippi  above  the  mouth  of  the  Illi- 
nois, which  before  may  have  been  that  of  a  smaller  stream.  The  ice 
having  greatly  diminished  and  a  northward  elevation  having  begun,  and 
the  lake  bed  having  become  filled,  the  western  streams  naturally  found 
their  way  along  its  southern  border  and  ho  over  the  ridge  bounding  it 
on  the  southeast  into  the  Gasconade.  Being  still  swollen  by  waters 
from  northern  glaciers,  they  rapidly  cut  down  the  Missouri  to  its  present 
slope. 

*Th0  evidence  that  this  ridge  wan  complete  at  that  time  is  coiiNiderably  short  of  demonstration. 
Along  the  line  of  the  Wabash  railroad  which  runs  on  thn  summit  of  the  divide  between  the  Cuirre 
and  Diirdeune  rivers,  there  i«  quite  a  regular  nlope  from  Warrenton,  8-VJ  feet  above  tide,  to  (iil- 
more.  where  at  an  altitude  of  600  foot  above  tide  u  thin  sprinkling  of  northern  cryMlalline  pebhlt>.« 
are  found  under  10  or  12  feet  of  gray  loamy  olay  as  elsewhere.  How  this  could  have  been  formed 
is  as  puzzling  a  question  a«  any  presented  by  these  problematic  formations.  The  slope  ro  thi> 
point  from  Warrenton  averages  16  feet  to  the  mile,  «ind  from  Tuque  25  feet.  Either  the  rim  of  the 
plain  was -incomplete  here  from  the  beginning  of  the  Pleistocene,  or  in  some  way,  not  easily  cod- 
ceived,  it  was  broken  by  erosion  so  early  that  the  drift  and  loess  both  overflowed,  possibly  in  » 
semi-fluid  condition,  or  there  may  have  been  a  recent  tilting  of  this  immediate  region  to  the  east 

fProc.  Am.  Assoc.  Adv.  Sci.,  Washington  meeting,  1891,  p.  251. 
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Objections  to  the  Theory.— ^In  considering  this  theory  and  the  evidence 
V> earing  upon  it,  several  embarrassing  questions  are  met.  Where  are  the 
ancient  beaches  ?  If  this  sketch  is  anywhere  near  the  truth,  we  may 
^vell  ask  where  are  the  beach  lines  which  should  have  been  formed. 
F'roiTi  the  analogy  of  lake  Agassiz  we  should  expect  to  find  gravel 
l>eaches,  and  long  spits  and  loops  built  out  of  the  chert  nodules  occur- 
ring 80  abundantly  along  the  slopes  of  the  Burlington  limestone  on  the 
south  and  east.  On  the  contrary,  we  find  no  traces  whatever  of  beach 
lines,  nor  do  the  fragments  of  chert  show  traces  of  wave  action.  They 
\isually  have  sharp  edges  and  prominent  angles. 

Why  should  there  be  no  more  traces  of  stratification?  Although  we 
may  imagine  that  in  some  way  beaches  had  been  entirely  removed,  or 
that  few  were  formed,  we  should  still  expect  more  cases  of  stratification. 
The  average  section  of  the  deposits  need  not  be  repeated ;  its  uniformity 
is  surprising;  and  while  this  may  not  disagree  with  the  lacustrine 
hypothesis,  in  the  center  of  the  area  where  the  water  may  have  been 
deep  we  should  still  expect  to  see  extensive  areas  of  unstratified  sand 
and  clay  near  the  margins ;  but  they  have  not  been  found. 

How  can  this  theory  be  reconciled  with  the  deep  troughs  of  the  Mis- 
souri and  Mississippi  ?  We  have  already  suggested  in  the  statement  of 
our  theory  a  way  by  which  we  may  ease  this  difficulty  until  we  take  it 
up  in  connection  with  the  next  head. 

THE  FLUVIATILE  HYPOTHESIS. 

The  Hypothefda  staled. — This  hypothesis  may  perhaps  be  rendered  most 
probable  by  stating  it  somewhat  as  follows :  Whether  streams  were  flow- 
ing at  the  opening  of  the  Pleistocene  epoch  at  higher  relative  levels  than 
now  or  not,  we  presume  that  a  northeast  extension  of  the  Ozark  uplift, 
between  the  Osage  and  Gasconade  rivers,  was  intact,  and  that  both 
flowed  northeast  into  the  Illinois  river.  The  Kansas,  possibly  receiving 
the  waters  of  the  present  Missouri  above  that  point,  may  have  flowed 
across  past  Moberly  or  Macon  to  meet  the  Osage.  All  streams  were 
probably  sluggish,  except  in  the  western  part  of  the  state.  The  rapids 
at  Weston  may  have  been  forming  at  this  stage,  as  also  deposits  of  gravel 
up  the  Kansas  river.  As  the  ice-sheet  advanced,  probably  entering  the 
northern  part  of  the  state,  these  rivers  were  swollen  to  great  volume,  and 
at  numerous  points  icebergs  from  the  glacier's  front  fell  into  them. 
There  was  probably  a  northward  depression  of  the  region  which  made 
them  still  more  lacustrine  in  their  character,  but  did  not  entirely  stop 
their  currents.  They  deposited  the  abundant  debris  which  was  borne 
by  them  very  largely  in  the  northern  portion  of  Missouri.  In  so  doing 
they  shifted  back  and  forth  until  the  whole  region  was  covered  with 
bowldery  clay.     In  this  work  they  were  probably  assisted  ])y  the  Des 
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Moines  and  Mississippi,  after  their  lower  courses  had  been  dammed  'ny 
the  Illinois  glacier  either  directly  or  by  the  deposition  of  its  sedimeni-. 
Perhaps  even  before  the  plain  was  raised  to  its  present  level  an  overriow 
may  have  begun  down  some  previous  channel  corresponding  to  ihr 
Mississippi  between  Quincy  and  the  mouth  of  the  Illinois.  Thi:<  outlet 
was  rapidly  excavated  by  the  latter  streams,  probably  accelerated  by  tl^- 
northward  elevation  of  the  region.  This  same  elevation  threw  ih*^ 
western  streams  to  the  southern  side  of  the  plain  and  over  the  divi^K 
into  the  valley  of  the  Gasconade.  These  changes  probably  took  pla<t 
subsequent  to  the  deposition  of  the  high-level  loess  and  gray  loamy  clay, 
and  before  the  glaciers  north  had  vacated  the  principal  moraine. 

While  this  was  going  on  the  ravines  were  cutting  back  from  the  lower 
Gasconade  and  Mississippi  valleys  through  the  dividing  ridge  on  tht* 
east.  This  process  was  naturally  assisted  by  the  seepage  of  water  from 
the  higher  level,  the  easy  erosion  of  the  lower  Silurian  shales,  the  porosity 
of  the  Silurian  sandstone,  and  the  easy  solution  and  cave-forming  hal»it 
of  the  Saint  Louis  limestone.  Today  this  cutting  back  of  ravines  has 
but  recently  reached  the  edge  of  the  plain  near  Bowling  Green  and 
Edgewood  in  Pike  county,  but  we  may  suppose  that  in  the  axes  of  the 
Cuivre  and  Salt  rivers,  drainage  and  erosion  may  have  begun  very  early 
though  not  before  the  loess  had  been  mainly  deposited. 

Objections  to  the  Hypothesis. — Several  difficulties  also  present  themselves 
in  the  consideration  of  this  hypothesis.  Why  should  there  not  be  nion- 
traces  of  stratification  ?  We  are  accustomed  to  conceive  of  all  de[M)si- 
tions  formed  by  moving  water  as  necessarily  stratified.  If  there  are  n<» 
exceptions  to  this  rule  we  should  expect,  according  to  this  hypothesis, 
more  or  less  stratification  both  in  the  bowldery  and  the  loamy  clay. 
W^e  have  learned  in  the  case  of  loess  and  silt  that  stratification  is  not 
very  manifest  where  all  particles  are  very  minute  or  where  flocculation 
comes  in  to  modify.  May  not  further  observation  and  study  reveal  the 
principle  that  if  coarse  and  very  fine  material  are  both  distributed  at  the 
same  time,  at  least  with  the  aid  of  ice  they  may  be  deposited  togetl]er 
without  marked  signs  of  stratification  ?  Cases  have  been  found  in  the 
terraces  of  streams  where  unstratified  pebbly  till  occurs  in  circunistanci?* 
where  it  cannot  be  clearly  traced  either  to  subglacial  or  lacustrine  ac^tion. 
Even  without  the  aid  of  floating  ice  deposits  of  gravel  are  made  ujkhi 
soft  clay  by  rapidly  flowing  streams.  Treacherous  bars  of  this  sort  are 
not  very  infrequent  in  clayey  regions.  In  short,  a  velocit}'  sufficient  to 
transport  peb})lesi8  not  always  able  to  remove  fine  cla3'ey  material  before 
droi)ping  the  same. 

Why  should  there  be  no  traces  of  high-level  channels?  According  t(« 
this  hypotliesis  we  should  expect  traces  of  vacated  channels  in  the  strue- 
ture  of  both  the  1)owl(lery  and  the  loamy  clay.     There  should  he  evi- 
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dence  of  old  banks  and  bottoms  of  channels.  Careful  search  has  not 
1  >een  made,  but  general  examination  has  not  yet  revealed  them.  Some 
of  the  later  channels  upon  the  surface  may  have  become  early  occupied 
I  )y  later  streams,  and  so  have  been  cut  away.  A  glance  at  the  map  sug- 
•^ests  that  the  Osage  may  have  at  one  time  passed  along  the  line  of  the 
Big  Muddy,  in  eastern  Callaway  county,  to  the  south  branch  of  the  Salt 
river  near  Mexico ;  that  the  Kansas  may  have  entered  it  in  Callaway 
oounty,  and  that  Grand  river  may  have  crossed  in  the  vicinity  of  Moberly. 
Moreover,  the  absence  of  vegetation  and  the  rapid  deposition  of  muddy 
material  may  in  part  account  for  the  absence  of  traces  of  old  banks  in 
the  structure  of  these  formations.  A  more  careful  study  of  such  plains 
AS  that  of  the  Hoang-Ho  and  Nile  is  advisable  before  we  reject  this 
Hypothesis  for  these  reasons. 

How  may  the  present  location,  size  and  depth  of  the  trouglis  of  the 
principal  streams  be  explained?  We  have  already,  in  sketching  our 
liypothesis,  suggested  a  reason  for  their  locations.  Probably  the  most 
formidable  objection  to  the  Lacustrine  and  Fluviatile  theories  is  the  ex- 
cavation of  the  troughs  of  the  Missouri  and  Mississippi  since  the  depo- 
sition of  the  loess.  They  are  250  to  300,  even  in  places  400  feet  in  depth 
(oO  to  100  feet  Helow  the  waterlevel )  and  from  one  and  a  half  to  10  miles 
in  width,  varying  inversely  as  the  resistance  of  the  strata  traversed.  Time 
does  not  allow  us  to  discuss  the  matter  exhaustively,  and  we  must  con- 
tent ourselves  with  a  few  of  the  more  important  considerations.  In  dis- 
cussion we  shall  refer  principally  to  the  Missouri  because  of  our  greater 
familiarity  with  it.  , 

The  change  of  baselevel  was  great,  probably  200  to  300  feet,  when  first 
the  Missouri  broke  over  the  Gasconade  divide,  and  the  erosion  was  of 
loose  formations,  similar  to  those  now  covering  the  uplands  to  the  north. 

Soon  the  sill  of  Silurian  rock  was  reached,  but  it  is  not  of  a  massive 
sort  like  the  Niagara  limestone.  It  easily  breaks  into  small  blocks.  If 
the  current  was  strong  enough  to  wield  the  blocks,  it  must  have  been 
rapidly  torn  away.  This,  it  should  be  remembered,  is  a  most  important 
factor  in  corrasion.  If  the  strength  of  a  current  is  not  sufficient  to  move 
the  separable  units  composing  a  stratum,  it  acts  slowly,  mainly  by  so- 
lution ;  but  the  moment  that  the  current  is  able  to  pick  up  and  transport 
blocks  of  average  size,  the  larger  the  blocks  the  more  rapid  the  erosion- 
We  shall  see  that  the  current  in  this  case  must  have  been  very  strong. 
The  divide  between  the  Osage  and  Gasconade  was  not  more  than  12 
miles  in  width. 

But  the  most  important  consideration  is  the  great  volume  of  the  Mis- 
souri at  that  time.  We  may  estimate  the  area  of  land-ice  draining  into 
that  stream  during  tlie  accumulation  of  the  first  or  outer  moraine  as 
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131,800  square  miles  in  the  United  States;  that  is,  one-half  of  Dakota, 
one-third  of  Minnesota,  and  one-sixth  of  Iowa.  Besides,  there  wa:? 
prohably  as  great  an  area  in  Canada  to  be  added,  because  the  upper 
Saskatchewan  at  that  time  doubtless  drained  into  the  Missouri. 

The  ablation  of  certain  Alpine  glaciers  as  estimated  by  Desor  ia  10 
feet  a  year.  Forbes  estimated  it  as  over  20  feet,  and  as  high  as  2i  inches 
per  day  has  been  observed.  It  seems  not  unreasonable  to  count  most  of 
this  area  in  the  zone  of  ablation,  and  averaging  10  feet  for  the  United 
Stjites  area  alone,  or  5  feet,  to  be  very  liberal,  for  that  of  the  United  States 
and  British  America.  Supposing  the  latter  to  equal  the  former,  we  would 
then  have  250  cubic  miles  of  water  furnished  per  year,  or  ten  times  the 
amount  now  discharged  by  the  Missouri.  In  this  we  have  not  taken 
account  of  the  water  derived  from  the  rest  of  the  basin,  which,  if  not 
less  than  now,  and  counting  in  the  extension  then  existing  into  Canada 
as  equal  to  the  part  occupied  by  the  ice,  we  may  put  down,  at  a  moderate 
calculation,  that  the  river  discharged  eleven  times  as  much  water  as  at 
present,  with  the  probability  of  its  discharging,  at  least  for  certain  years, 
twenty  times  as  much.  What  corrasion  this  flood  would  accomjdish 
we  scarcely  have  the  means  of  calculating,  but  can  conceive  that  it  would 
be  fully  adequate  to  the  work.  The  ice-.sheet  would  have  discharged 
water  into  tbe  Missouri  river  until  it  receded  to  the  fourth  moraine; 
then  its  waters  would  mostly  have  reached  the  Mississippi  through  the 
Minnesota  and  rapidly  completed  the  work  which  that  stream  had  pre- 
viously well  advanced.  The  prominent  drift  terraces  and  filled  chan- 
nels, capped  with  loess,  may  confidently  be  referred  to  the  recession  of 
the  ice  from  the  principal  moraine. 

Conclusions. 

In  conclusion  it  may  be  noted  briefly  that  the  most  serious  objection? 
to  the  glacial  hypothesis  for  this  region  are:  first,  the  great  dilTerence  in 
elevation  between  the  drift  of  Missouri  and  Illinois,  with  the  absence  of 
northern  erratics  in  the  lower  Missouri  and  Meramec  and  along  the  Mis- 
sissippi at  higher  altitudes,  and  last,  but  not  least,  the  apparent  impos- 
sibility of  the  land-ice  reaching  central  Missouri  without  overflowing 
the  Wisconsin  driftless  area.  The  moat  weighty  difficulties  with  the 
lacustrine  and  fluviatile  theories  are  the  nature  of  the  deposits  and  the 
great  dei)th  and  width  of  the  troughs  of  the  Missouri  and  Mississij>pi. 
Possibly  more  careful  research  in  the  nature  of  deposition  and  erosion 
may  remove  them.  It  seems  not  improbable  that  a  combination  of  the 
last  two  may  approach  the  truth  more  nearly  than  either  one  alone. 

Vekmilliox,  S.  D.,  December  22,  1893. 
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►Sersiox  of  Wednesday,  December  27 

The  Society  convened  in  the  hall  of  the  Boston  Society  of  Natural 
History,  and  was  called  to  order  at  10.15  a  m  by  the  President,  Sir  J. 
William  Dawson.  The  President  introduced  Professor  William  H.  Nil»>. 
the  President  of  the  Boston  Society  of  Natural  History,  who,  in  a  cordia'. 
address  of  welcome,  said  that  the  old  Society,  of  sixty-four  years'  8tan<;- 
ing,  welcomed  to  the  city  and  to  its  building  the  new  Society  of  six 
years'  age,  representative  of  the  entire  continent  of  North  America,  Hf 
reviewed  the  progress  which  had  been  made  in  scientific  knowledge  an«i 
in  its  public  appreciation  since  the  founding  of  the  organization  in  who>e 
building  this  meeting  was  held,  and  contrasted  the  time  when  Sir  Charlt-j^ 
Lyell  was  in  Boston  and  public  feeling  was  so  strongly  against  the  con- 
clusions of  geological  study,  and  the  present  day,  when  the  results  of  suoh 
investigation  are  universally  acknowledged  to  be  for  the  highest  intere^t^ 
•bf  humanity.  President  Dawson  responded  happily.  As  chairman  ot 
the  Local  Committee  of  Entertainment,  composed  of  the  Fellows  resid- 
ing in  and  near  Boston,  Professor  Niles  made  announcements  concemin*! 
entertainment  during  the  meeting. 

The  Secretary  announced  that  the  Council  would  present  its  report 
Friday  morning. 

The  Treasurer,  Dr  I.  C.  White,  presented  his  annual  report  as  follows: 

REPORT  OF  THE  TREASURER 

The  invested  fiindH  of  the  Society  are  as  follows : 
On  account  of  Fellowship  Fund : 
April  1,  1891.  One  7  per  cent  Tioga  township,  Kansas,  bond, 

with  accmed  interest  (c<K«?t  $1,140.26) $1,000  00 

January  29,  1892.  Eiglit  5  per  cent  Cosmon  Chib  bonds  at  par        800  00 

$1,800  0*1 

On  account  of  Publication  Fund : 
February  26,  1892.  One  5  per  cent  Cosmos  Club  bond,  with 

accrued  interest  (cost  $100.35) $100  00 

February    3,  189;?.  Seven  o  per  cent  Cosmos  Club  lM>ndH  at  par        700  00 

— $800  i)i» 

Total  amount  of  investments $2,<i00  0^ 
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As  the  Auditing  Committee  the  Society  elected  I.  C.  Russell  and  J.  P. 
Iddings. 

ELECTION  OF  OFFICERS 

The  result  of  the  balloting  for  officers  for  1894,  as  canvassed  by  the 
Council,  was  declared  by  the  Secretary. 

No  election  was  secured  by  the  transmitted  ballots  for  the  offices  ««f 
President  and  Vice-Presidents,  as  no  candidate  had  a  majority  of  all  the 
votes  cast. 

For  the  remaining  offices  election  had  been  made  as  follows : 

Secretary  : 
H.  L.  Fairchild,  Rochester,  N.  Y. 

Ti^easurer : 
I.  C.  White,  Morgantown,  W.  Va. 

Editor: 
J.  Stanley-Brown,  Washington,  D.  G. 

Councillors  (term  expires  1896) : 
F.  D.  Adams,  Montreal,  Canada. 
I.  C.  Russell,  Ann  Arl)or,  Mich. 


Under  chapter  iv,  section  4,  of  the  By-Laws,  election  of  President  and 
Vice-Presidents  was  held  in  open  meeting  separately,  by  ballot.  The 
President  named  as  tellers  to  supervise  the  balloting  J.  Stanley-Brown 
and  C.  W.  Hayes.     The  result  was  as  follows: 

President : 
T.  C.  Chamberlin,  Chicago,  111. 

First  Vice-President  : 
N.  S.  Siialer,  Cambridge,  Mass. 

Scco nd  \ lee- President  : 
G.  H.  Williams,  Baltimore,  Md. 
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ELECTION  OF  FELLOWS 

The  result  of  the  balloting  for  Fellows,  as  canvassed  by  the  Council, 
was  declared  as  follows : 

Fellows  Elected: 

Albbrt  Perry  Brigham,  A.  B.,  A.  M.,  Hamilton,  New  York.     Professor  of  Geology 

and  Natural  History,  Colgate  University. 
\Vii>i>rAM  8TUKELY  Gresley,  Erie,  Pennsylvania,  Mining  Engineer. 
Heinrich  Ries,  Ph.  B.,  Fellow  in  Mineralogy,  Columbia  College,  New  York  city. 
James  Perrin  Smith,  M.  S.,  Ph.  D.,  Palo  Alto,  California.     Assistant  Professor  of 

Paleontology,  Leland  Stanford,  Jr.,  University. 

AMENDMENTS  TO    THE  CONSTITUTION 

The  proposed  amendment  to  article  iii,  section  1,  by  omitting  the  clos- 
ing words  of  the  section,  **and  resident  in  North  America,"  so  that  the 
section  shall  read,  "  1.  Fellows  shall  be  persons  who  are  engaged  in  geo- 
logical work  or  in  teaching  geology,"  received  130  votes  in  favor  and  10 
votes  against. 

The  proposed  amendment  to  article  iv,  section  8,  by  inserting  after  the 
word  "  Editor  "  the  words  '*  and  Treasurer,"  so  that  the  paragraph  shall 
read,  "  The  Secretary,  Editor  and  Treasurer  shall  be  eligible  to  reelection 
without  limitation,"  received  134  affirmative  and  3  negative  votes. 

The  proposed  amendments  were  declared  lost,  failing  to  receive  a 
three-fourths  affirmative  vote  of  the  total  membership.  The  Secretary 
announced  that  the  Council  would  again  submit  the  amendments  to  the 
Society. 

AMENDMENTS  TO  THE  BY-LAWS 

The  proposed  changes  in  the  By-I^aws,  as  recommended  by  the  Coun- 
cil at  the  Madison  meeting  and  announced  in  the  Secretary's  circular  of 
September  13,  1893,  were  deolared  in  order  under  unfinished  business, 
and  the  amendments  were  unanimously  voted  as  follows  : 

Cliapter  I,  section  2,  changed  by  omitting  all  between  the  words  '*  shall 
be  "  and  the  word  "  covered,"  so  that  the  paragraph  now  reads :  2.  "  The 
sum  paid  in  commutation  of  dues  shall  be  covered  into  the  Publication 
Fund." 

Chapter  IV,  by  omitting  all  of  the  first  two  sections  and  substituting, 
reads  as  follows : 

CHAPTER  IV 

OF   ELECTION   OP  OPPICEIW 

1.  The  Council  shall  prepare  a  list  of  nominations  for  the  several  offices,  which 
list  will  constitute  the  regular  ticket. 

2.  The  list  shall  be  njailed  to  the  Fellows  for  their  information  at  least  40  days 
before  the  Annual  Meeting.    Any  five  Fellows  may  forward  to  the  Secretary  other 
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nominations  for  any  or  all  officeu.  All  such  nominations  reaching  the  Secretar)- at 
least  20  days  before  the  Annual  Meeting  shall  be  print^,  together  with  the  nanK- 
of  the  nominators,  as  special  tickets.  The  regular  and  special  ticket*?  shall  then  U- 
mailed  to  the  Fellows  at  least  15  days  before  the  Annual  Meeting. 

3.  The  Fellows  will  send  their  ballots  to  the  Secretary  in  double  envelopes,  th*- 
outer  envelope  bearing  the  voter's  name.  At  the  winter  meeting  of  the  Ccmin :. 
the  Secretary  will  bring  the  returns  of  ballots  before  the  Council  for  canvass,  aq'I 
during  the  winter  meeting  of  the  Society  the  Council  shall  declare  the  resiiH. 

4.  In  case  a  majority  of  all  the  ballots  shall  not  have  been  east  for  any  candi^laif 
for  any  office,  the  Society  shall  by  ballot  at  such  winter  meeting  proceed  to  mAkv 
an  election  for  such  office  from  the  two  candidates  having  the  highest  number  of 
votes. 

Chapter  VIII  changed  to  read  as  follows : 

CHAPTER  VIII 

OF   ORDER  OF  BUSINESS 

J 

1.  The  Order  of  Business  at  Winter  Meetings  shall  be  as  follows : 

(1)  Call  to  order  by  the  presiding  officer. 

(2)  Introductory  ceremonies. 

(3)  Report  of  the  Council  (including  reports  of  the  officers). 

(4)  Appointment  of  the  Auditing  Committee. 

(5)  Declaration  of  the  vote  for  officers  and  election  by  the  meeting  in  casst-  «»f 

feilure  to  elect  by  the  Society  through  transmitted  ballots. 

(6)  Declaration  of  the  vote  for  Fellows. 

(7)  Deferred  business. 

(8)  New  business. 

(9)  Announcements. 

(10)  Necrology. 

(11)  Reading  of  scientific  papers. 

2.  At  an  adjourned  session  the  order  shall  be  resumed  at  the  place  reached  on  the 
previous  adjournment,  but  new  business  will  be  in  order  before  the  reading  uf 
scientific  pax^ers. 

3.  At  the  Summer  Meeting  the  items  of  business  under  numbers  (3),  (4)»  (5),  (10; 
shall  be  omitted. 

4.  At  any  Special  Meeting  the  Order  of  Business  shall  be  numbers  (1),  (2),  (*> . 
(9),  followed  by  the  special  business  for  which  the  meeting  was  called. 

The  report  of  the  Committee  on  Photographs  was  presented  hy  Mr 
J.S.  Diller.  '    • 

FOURTH  ANNUAL  REPORT  OF  TUB  COMMITTEE  ON  PHOTOGRAPHS 

Sixty-one  views  have  been  added  during  the  year  to  the  collection,  which  now 
numbers  802.  The  donors  are-C.  H.  James,  Henry  G.  Hanks,  H.  A.  Riddle  an<i 
W.  H.  Hobbs,  as  noted  in  the  following  register. 

The  collection  was  exhibited  at  the  Boston  meeting  of  the  Society,  and  isalwavj' 
accessible  to  members  at  the  United  States  Geological  Survey,  Washington,  D.  t'., 
where  it  is  in  charge  of  J.  S.  Diller,  the  Secretary  of  the  committee. 
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Oood  mounted  photographs  of  geological  subjects,  properly  labeled,  are  solicited 
as  heretofore,  and  contributions  may  be  sent  to  Professor  J.  F.  Kemp,  Columbia 
College,  New  York  city ;  Pi-ofessor  W.  M.  Davis,  Harvard  College,  Cambridge, 
Maps.,  or  to  Mr  J.  S.  Diller,  United  States  Geological  Survey,  Washington,  D.  C. 

There  is  demand  for  such  photographs  as  furnish  especially  good  illustrations  in 
teaching,  and  it  is  hoi>ed  that  the  members  will  call  the  attention  of  the  Secretary 
to  any  which  the  committee  may  obtain  by  solicitation. 

REGISTER  OF  PHOTOGRAPHS   RECEIVED   IN    1893 

Photoffraphed  andpr&ienied  by  C.  H.  James,  6^4  Arch  Street ,  Philadelphia,  Pennsylmnin 
Twelve  Stereoscopic  Views  of  the  Luray  Caverns  of  Virginia.    Price,  25  centfl  each. 

741  (15).  Side  view  in  ball-room. 

742  (19).  Collin's  grotto. 

743  (25).  Entrance  to  ball-room. 

744  (27).  Double  column. 

745  (29).  Giant's  hall. 

746  (33).  Lost  blanket. 

747  (35).  Titania's  veil  from  Hollow  colnmn. 

748  (37).  Empress  column. 

749  (41).  Saracen's  tent. 

750  (43).  Fallen  column. 

751  (47).  Organ  room. 

752  (71).  Skeleton  gorge. 

Presented  by  Henry  G.  Hanks,  San  Francisco,  California 
Photographed  by  C.  E.  Watkins.    Size,  6i  x  8J  inches 

753.  Hanksite;  crystallized  variety. 

754.  Hanksite ;  amorphous  and  imperfectly  crystallized  variety. 

Presented  by  H.  A.  Riddle,  Chnmhershnrg,  Pennsylvania 

755.  Photogravure  of  a  Relief  Map  of  the  Cumberland  valley  of  Pennsylvania 

By  applying  to  Mr  Riddle  members  of  the  Society  may  obtain  this  i>hotogravure 
gratis.    Size,  11}  x  3 J  inches. 

Photographed  and  presented  by  W.  H.  Hobbs,  Madison,  Wisconsin 

These  views  illustrate  two  papers  which  are  published  in  the  Journal  of  Geology, 
vol.  i,  p.  717,  **0n  the  Geological  Structure  of  the  Mount  Washington  Mass  of  the 
Taconic  Range,"  and  p.  780,  ''The  (ieological  Structure  of  the  Housatonic  Valley 
east  of  Mount  Washington."  They  may  be  purchased  from  the  donor  at  the  fol- 
lowing rates:  Size,  4x5  inches;  unmounted,  7  cents;  mounted,  10  cents.  Size, 
8  X  10  inches ;  unmounted,  12  cents ;  mounted,  18  cents. 

75(5.  Mount  Washington  from  the  north ;  looking  up  Guilder  hollow.  To  the  left 
is  "  Jug  End."  In  the  distance  is  the  **  Dome  "  or  mount  Everett,  between 
is  mount  Darby.     Size,  8  x  10  inches. 
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757.  Panorama  from  summit  of  mount  Everett;  looking  northeast.     Size,  S  x  M 

inches. 

758.  Panorama  from  summit  of  mount  Everett;  looking  southeast.     Size,  8x  l> 

inches. 

759.  Panorama;  looking  west  down  the  Bashbish  gorge  of  mount  Washingt>r. 

Size,  8  X  10  inches. 
7ftO.  Mount  Washington;  the  Dome  of  the  Taconics;  looking  northwest.     Siis- 

4x5  inches. 
7ftl.  Mount  Washington ;  from  the  southeast.     Size,  4x5  inches. 
7()2.  Mount  Washington  and  Twin  lakes ;  from  the  southeast.    Size,  4x5  incht-'. 
763.  Mount  Washington  and  Turnip  rock ;  from  the  southeast.     Size,  4x5  inche? 
704.  Looking  up  Guilder  hollow,  mount  Washington.    Size,  4x5  inches. 

765.  Looking  up  Guilder  hollow,  mount  Washington ;  Jug  End  at  left ;  mount 

Everett  m  the  distance.     Size,  4x5  inches. 

766.  East  flank  of  mount  Washington ;  seen  from  Turnip  rock.     Size,  4x5  iochr-. 

767.  East  flank  of  mount  Washington ;  near  view.     Size,  4x5  inches. 

768.  Valley  of  Sky  Fann  brook ;  looking  north  from  Sky  Farm.     Size,  4x5  inches. 

769.  Northern  summit  plain  of  mount  Washington ;  looking  southeast  from  Sk> 

Farm.    Size,  4  x  5  inches. 

770.  Lion's  head  from  the  east;  showing  indications  of  northerly  dip.     Size,  4  x*> 

inches. 

771.  View  northwest ;  from  west  slope  of  Banick  M'  Teth.     Size,  4x5  inches. 
<772.  Peculiar  weathering  of  Egremont  limestone  on  east  slope  of  mount  Wasliinj:- 

ton.     Size,  4x5  inches. 

773.  (brnigations  of  Riga  schist  forming  surface  one  mile  south  of  Wasbinee  lake. 

Size,  4x5  inches. 

774.  Valley  of  Sky  Fann  brook ;  looking  north  from  one-half  mile  north  of  Sky 

Farm.     Size,  4x5  inches. 

775.  In  the  region  of  mount  Washington.     Size,  4x5  inches. 

776.  Egremont  limestone  with  Riga  schist  two  miles  west  of  Du teller's  bridge  over 

Housatonic  river.     Size,  4x5  inches. 

777.  North  end  of  hill  east  of  Lee  pond,  mount  Washington.    Size,  4x5  inches. 

778.  Horse  hill ;  from  Barnum  street,  Sheffield,  Massachusetts.     Size,  8  x  10  inches. 

779.  Morse  hill ;  from  ridge  south  of  Barnum  street ;   Warner  mount  to  the  right  in 

the  distance.     Size,  8  x  10  inches. 

780.  The  core  of  Canaan  dolomite  in  a  fold  of  Riga  schist.     (Journal  of  GeoK^V' 

pi.  vii,  fig.  3.)     Size,  8  x  10  inches. 

781.  Narrow  ridges  of  Riga  schist  separated  by  belts  of  Egremont  limestone  near 

railroad  bridge  southeast  of  Tom's  hill.     This  is  typical  **  intricate  struc- 
ture.'*   Size,  8  X  10  inches. 

782.  CJorrugations  of  Everett  schist,  having  a  steep  southerly  pitch,  north  foot  of 

Barack  M'  Teth.    Size,  8  x  10  inches. 

783.  View  southeast ;  from  near  road  }  mile  north  of  the  village  of  Salisbury.    In 

the  center  is  the  west  slope  of  Burack  M'  Teth.    Size,  8  x  10  inches. 

784.  View  east  from  road  one  mile  north  of  Salisbury.     In  the  for^round  are  chiir- 

acteristic  knobs  of  Riga  schist.     (Journal  of  Geology,  vol.  i,  no.  H,  pi.  vii. 
fig.  1.)    Size,  8  X  10  inches. 

785.  View  northeast  from  the  summit  of  Prospect  mountain  (Housatonic  valley). 

showing  in  center  of  picture  ("anaan  dolomite  emerging  from  lieneath  Ki^.i 
schist.     (Wooded  area.)     Size,  4  x  5  inches. 

786.  Tom*s  hill  from  east  flank  of  Lion's  head.    Size,  4x5  inches. 

787.  r.  N.  E.  &  W.  railroad  south  of  Tom's  hill,  showing  the  Riga  schist  pit«*hini 

steeply  south  under  Egremont  limestone.    Size,  4x5  inche.<*. 

788.  Same  as  787.    Size,  4x5  inches. 
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7H9.  Xear  view  of  a  ruptured  loop  in  Egremont  limestone;  transition  from  corru- 
gations to  imbricated  structure ;  C.  N.  E.  <&  W.  railroad  south  of  Tom's  hill. 
Size,  4x5  inches. 

TOO.  Pine  hill  on  C.  N.  E.  &  W.  railroad  south  of  Tom's  hill;  Riga  schist  with  steep 
southerly  pitch  is  seen  on  the  left  of  track  ;  Pine  hill  is  Egremont  limestone 
dipping  conformably ;  in  woods  behind  telegraph  pole  at  right  is  Everett 
schist  overlying  the  limestone.  (Journal  of  Geology,  vol.  i,  no.  8,  fig.  6.) 
Size,  4  X  5  inches. 

791.  Abrupt  north  slope  of  Barack  M'  Teth  (Everett  schist)  from  the  east.     On  the 

road  and  above  is  Egremont  limestone  dipping  under  the  hill.     Size,  4x5 
inches. 

792.  Barack  M'  Teth  and  Turnip  rock  from  the  west.     Size,  4x5  inches. 

793.  Union  hill  from  the  north.     Size,  4  x  5  inches. 

794.  Turnip  rock  from  the  east,  showing  Eijremont  limestone  dipping  under  Everett 

schist  of  the  hill.     Size,  4x5  inches. 
79.^.  Turnip  rock  from  the  southwest,  showing  basement  of  limestone  (Egremont). 
Size,  4x5  inches. 

796.  Turnip  rock  from  the  southwest;   Egremont  limestone  in  the  foreground. 

Size,  4x5  inches. 

797.  Falls  of  the  Housatonic  river  at  Falls  Village,  C<mnecticut.     Size,  4  x  5  inches. 

798.  South  end  of  anticlinal  of  Riga  schist  with  mantle  of  limestone,  where  both 

pitch  under  Everett  schist  of  Barack  M'  Teth.     From  road  at  north  foot  of 
Barack  M'  Teth.     Size,  4x5  inches. 

799.  Canaan  dolomite  emerging  beneath  Riga  schist  2}  milps  north  of  Falls  Village, 

Connecticut.     Size,  4x5  inches. 

800.  Corrugated  structure  of  garnetiferous  and  staurolitic  Riga  schist  near  falls, 

north  of  Falls  Village,  Connecticut.     Size,  4x5  inches. 

801.  Miles  mountain  and  Tom's  hill  from  the  northwest,  showing  serrated  contour. 

(Journal  of  Geology,  vol.  i,  no.  8,  fig.  3.)     Size,  8  x  10  inches. 

802.  Northern  summit  plain  of  mount  Wasliington,  showing  the  rampart  of  peaks 

which  surround  it.    Size,  8  x  10  inches. 

The  report  was  adopted  and  the  committee  continued  with  an  appro- 
priation of  $15  for  its  use  during  the  coming  year. 

An  invitation  from  the  Appalachian  Mountain  Club  to  a  lecture  on 
Mount  Saint  Elias  and  the  Mala.spina  Glacier,  to  be  given  Friday  even- 
^^g»  ^y  Professor  I.  C.  Russell,  was  read  and  thanks  returned  by  the 
President. 

The  President  congratulated  the  Society  that  no  losses  to  its  Fellow- 
ship by  death  had  occurred  during  the  year. 

Following  are  lists  of  geological  writings  which  were  not  published 
with  the  biographic  notices  of  the  deceased  Fellows  : 

GEOLOGICAL  WRITINGS  OF  ALEXANDER  WINCHELL* 

On  the  Geology  of  the  Choctaw  Bluff:  Proc.  Am.  Arnoc.  Adv,  *Sr'j".,  vol.  vii,  1853, 

pp.  150-153. 
The  Shell  Marls  of  Michigan  :  Mich.  Farmer,  September,  1855,  pp.  257-259. 


*  Biographic  notice  in  volume  3,  p.  3.    This  list  of  Dr  Winoheli's  geologic  writings  in  taiven  from 
a  fuller  list  published  in  The  American  Geologist,  vol.  9,  pp.  1*^7-139  and  pp.  273-i{76. 

LXX VIII— Bull.  Gbol.  Soc   Am.,  Vol.  5,  1893. 
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Xotefl  on  the  Geology  of  Middle  and  Southern  Alabama:  Proc.  Am.  Ai^*r.  A-h 

Sri,  vol.  X,  18r)(>,  pp.  S2-1KJ. 
StatiHtics  of  Home  Artesian  Welln  of  Alabama:  Proc.  Am.  X««r>r.  Adr.  Sci..  vc»K  \. 

1866,  pp.  94-103. 
Theologico-Geology,  or  the  Teachings  of  Scripture  illustrated  by  the  ConfbniKiti":! 

of  the  Karth'H  CruHt.     Ann  Arbor:  PampMetj  1857,  8vo,  pp.  24. 
Table  of  Cretactx)us  Rocks  in  Alabama:  Pn^.  Acad,  Nat.  Sri  PhUa.,  vol.  ix,  1*^'T. 

pp.  126. 
Superftcial  Deposits  of  Michigan  and  Alabama:  Harpers  Geoi  Rep.  of  Mljf*.^  !<>'. 

pp.  316^318. 
VoitHJS  from  Nature;  Creation  the  Work  of  One  Intelligence  and  not  the  I^r*- 

duct  of  Physical  Forces ;  l)eing  the  closing  lecture  of  a  course  upon  0€H.>l«>srN 

and  Natural  History,  deliven*d  before  the  Young  Men's  Literary  Associati-^:: 

of  Ann  Arbor,  Mich.     Published  by  request  of  the  A.*«sociation,  1858,  Svo,  i>p-  :>• 
Synopti<*>al  View  of  the  Gi^ological  Succes»sion  of  Organic  Types.     For  the  ua*  of 

students  in  the  University  of  Michigan,  and  printed  at  their  request.  May. 

1858.     Ann  Arbor,  8vo,  pp.  7. 
T^eaves  from  the  Book  of  Nature :  Mich.  Jonr.  Ednc,  vol.  ii,  1858,  pp.  74-77,  97-1  »>>» 

132-13r),  169-173,  193-197,  225-229,  257-263,  305-310,  353-:556. 
Outlines  of  the  Gi^ology  of  Michigan :  Mich.  Farmer^  December,  1858. 
Memorial  Relative  to  a  Geological  Survey:  Home  Doc.,  No.  J9,  Legislature  of  ls5v^. 

I>p.  10. 
Scenes  and  Incidents  of  the  Coal  Period:  Mich.  Jonr.  Edw\,  vol.  vi,   185i»,  pp- 

13-20. 
On  the  Cteological  Position  of  the  Brine  Springs  of  Grand  lipids,  Mich. :   Gr*i»'d 

RapidA  fMijH'rAy  October,  1859. 
On  the  Siilt  Springs  of  Saginaw:   Saginair  Enterprise  ^  February,  1860. 
The  (V^^lcH  of  Matter,  or  the  Permanence  of  the  Earth  and  the  Destiny  of  the 

Rjice:  Mich.  Jour.  Educ,  August,  18(>0,  pp.  273-280. 
First  Biennial  Iii»i)ort  of  the  Progress  of  the  iTCological  Survey  of  Michigan,  em- 

bracing  observations  on  the  Geology,  Zoology  and  Botany  of  the  Lower  Pc- 

ni Insula;  made  to  the  Governor  Dei-ember  31,  18(iO,  by  authority:   I^inssini'. 

1861,  8vo,  pp.  :i;{9. 
Notice  of  the  Koi-ks  lying  between  the  Carl)oniferou8  Limestones  of  the  Lower 

Peninsula  of  Michiiran  and  the  Limestones  of  the  Hamilton  Group ;  with  de 

scriptions  of  some  Cophalo|KHls  supjwsed  to  be  new  to  Science:  -4»i,  Jour.  Sr*.. 

2d  series,  vol.  xxxiii,  pp.  352-3Ci(i. 
Siilt  Manufacture  of  the  Saginaw  Valley:   Hunt's  Mnrhaiitx'  Magazine^  Septeiii!»er, 

1S(>2,  pp.  209-223. 
The  Brine  at  Ikiy  City :  Stujiiuvr  Cmiricr,  July,  18t»2. 
On  the  Siilifermis  Rivks  and  Salt  Springs  of  Michigan:  .4 in.  Jour.  Sci.y  2d  ?erit>?, 

vol.  xxxiv,  pp.  307-311. 
Dest»ript  ions  of  Fossils  from  the  Marshall  and  Huron  Groups  of  Michigan:  /*r»v. 

Acnd.  A'.i/.  Si.  /V»»7<i.,  vol.  xiv,  18(i2,  pp.  4a5-430. 
On  the  Idem iticiU ion  of  the  Catskill  Rini  Sandstone  Group  with  the  Chemiinir: 

Am.  J \  .^x  nnif  .lr/.<,  2d  .<eries,  vol,  xxxv,  1S(>:J,  pp.  61,  62, 

DcsiTipliou>of  Fossils  from  the  Yellow  San«lst<>ni's  lying  lieneath  the  '*  Burlington 

Limo<t<me"'  at  B.irlinirlon.  Iowa:   Pnf\  A^vl.  N^tt.  X-i.  PM7«i.,  vol.  xv.,  1*^;::. 

pp.  2-24. 
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\\>iees  from  Nature:   lAidles'  Repo»itory,  vol.  xxii,  18(>2,  pp.  396-400,  488-492,  518- 

522,  577-581;  vol.  xxiii,  1863,  pp.  46-51,  72-74,  14t)-153,  201-204,  269-272,  385- 

:55)0,  456-460,  518-520,  625-628,  678-()84,  745-747;  vol.  xxiv,  1864,  pp.  31-3:J. 

[Sixteen  article«.l 

I>e.scription  of  Elephantine  Molars  in  the  Muj^euni  of  the  rniveraity  of  Michigan: 

C\inndian  Naturalist,  October,  186:^,  pp.  398-400. 
Reix>rt,  Historical  and  Statistical,  on  the  Collections  in  Geoloj^y,  Zoology  and  Botany 
in  the  Museum  of  the  University  of  Michigan,  made  to  the  Board  of  Regents 
October  2, 1863,  Ann  Arbor:  Published  by  the  University,  1864,  8vo,  pp.  26. 
Notice  of  a  small  Collection  of  Fossils  from  the  Potsdam  Sandstone  of  Wisconsin 
and  the  Lake  Suj)erior  Sandstone  of  Michigan :  ^Im.  Jour.  Sci.  and  Art«,  2d 
series,  vol.  xxxvii,  1864,  pp.  226-233. 
The  Oil  Region  of  Michigan.     Descripticm  of  the  Baker  Tract,  situated  in  the  heart 
of  the  Oil  Region  of  Michigan.     Detroit,  1864,  8vo,  pj).  7 ;  republished  in  Am. 
Jour.  Sci.  and  Arta,  2d  series,  vol.  xxxix,  p.  350. 
Notice  of  the  Remains  of  a  Mastodon  recently  discovered  in  Michigan  :  Am.  Jour. 

Sci.  and  Arin,  2d  series,  vol.  xxxviii,  1864,  pp.  223,  224. 
(Teoloj?ical  Map  of  Michigan.     Published  by  S.  Geil,  Philadelphia. 
(.)n  the  Origin  of  the  Prairies  of  the  Valley  of  the  Mississippi:  Am.  Jour.  Sci.  and 

ArU,  2d  series,  vol.  xxxviii,  1864,  pp.  332-344. 
l\>stacript  to  Professor  Winchell's  article  cm  the  Origin  of  Prairie** :  vim.  Jour.  Sci. 

and  ArtSy  2d  series,  vol.  xxxviii,  1864,  pp.  444,  445. 
The  Soils  and  Subsoils  of  Michigan.     An  address  delivered  before  the  Executive 
Committee  of  the  Michigan  State  Agricultural  Society  in  Representative  Hall 
.  at  Lansing,  Thursday  evening,  January  19,  1865.     Published  by  order  of  the 
legislature.     Lansing,  18()5,  8vo,  pp.  30. 
On  the  Oil  Formation  in  Michigan  and  Elsewhere.     From  a  report  on  the  **  Baker 
Tract"  near  Lakeport,  Saint  Clair  county,  Michigan:  Am.  Jour.  Sci.  and  Arts, 
2ii  series,  vol.  xxxix,  18(55,  pp.  350-JV)3. 
An  act  to  provide  for  the  completion  of  the  (Geological  Survey  :  Mich.   Ijegislaiive 

Jhroc.,  February  10,  18()5. 

Geological  Re|X)rt  on  Certain  Oil  Lands  lying  in  the  Counties  of  Sanilac  and  Saint 

Clair,  Michigan,  comprising  in  all  about  31,000  acres.     Detroit,  1865,  8vo,  pp. 

8,  with  map. 

IK^Hcriptions  of  New  SiH»cies  of  Fossils,  from  the  ]Marshall  Group  of  Michigan,  and 

itti  supposed  equivalents  in  other  States ;  witli  Notes  on  some  Fossils  of  the  .same 

age  previously  described :  Pn^c.  Acad.  Xat.  Sci.  Phila.,  vol.  xvii,  1865,  pp.  109-133. 

KeiK)rt  on  the  Museum  of  the  University  of  Michigan:  Proc.  Board  of  JieijenU  for 

1865,  p.  4. 
Some  indicrations  of  a  Northward  Transj)ortation  of  Drift  Material  in  the  Lower 
Peninsula  of  Michigan :  Am.  Jour.  Sci.  and  Arts,  2d  series,  vol.  xl,  pp.  3,31-338. 
Note  on  the  Geology  of  Petroleum  in  Canala  West:  Am.  Jonr.  Sci.  and  Arti<,  2d 

series,  vol.  xli,  1866,  pp.  176-178. 
Keport  on  the  OH  Lands  of  Lambton  County,  Canada  West :    Detroit,  1866,  8vo, 

PJ).  15,  with  maps. 
Iiei>orton  certain  Oil  Lands  in  Wetzel  County,  West  Virginia,  18()6:  12mo,  pj).  3. 
The  Grand  Traverse  liegion.  A  Report  on  the  Geological  and  Industrial  Re- 
.«»ource8  of  the  Counties  of  Antrim,  Grand  Tmverse,  Bcmzie  and  Leelanaw  in 
the  Lower  Peninsula  of  Michigan :  Ann  Arbor,  1866,  8vo,  pp.  97,  with  map* 
[Embraces  notices  and  descriptions  of  50  si)ecies  of  fossils.] 


560  PROCEEDINGS   OF    BOSTON    MEETING. 

Geolo^cal  Report  on  the  LandH  of  the  Neff  Petroleum  Company  lying  in  Knox 

and  Coshocton   Counties,  Ohio:    Svo,  pp.  11,  with  map  and  section,  JuDt-, 

1866. 
Stromatoporidae ;  Their  Stnicture  and  Zoolo;^ical  Affinities:  Proc.  Am,  A»soc.  v.. 

vol.  XV,  1866,  pp.  91-99. 
(With  Profe.ssor  Oliver  Marcy),  Enumeration  ^f  Fossils  collected  in  the  Nia^ra 

Limestone  at  Chicago,  Illinois,   with  Descriptions  of  several  New   Spe<*i«^ 

Memoirn  Boston  Sac.  Xat.  Hint.,  vol.  i,  no.  1,  pp.  81-113,  separate,  two  plates  <.f 

illustrations. 
Rejwrton  the  Bruce  Oil  Ljinds  at  Oil  Sprinjip,  Canada  West:  Chiciujo  Rejpnbiicm'. 

January  17  and  20,  18(^6. 
Petroleum  in  Middle  Tennessee :  Pittsburg  Min.  and  Manf.  Jour.,  November,  186ti. 
Report  on  the  Museum  of  the  University,  September  20, 1866 :  Printed  by  the  Riarl 

of  Regents,  Svo,  pp.  12. 
Peat  in  Michigan:  IjeavitVs  Peat  Journal,  vol.  i.  No.  1,  1867. 
Address  on  Public  Geological  Sur^'eys,  and  the  Geological  Survey  of  Kentucky  in 

particular:  Delivered  in  response  to  a  resolution  of  the  House  of  Representa- 
tives on  Friday  evening,  February  1, 1867.     Frankfort,  Ky.,  1867,  Svo,  pp.  21. 
Synoptical  View  of  the  Geological  Succession  of  Organic  Types,  2d  edition :  Ahl 

Arbor,  1867,  Svo,  pp.  10. 
Man  the  Last  Term  of  the  Organic  Series :  Ann  Arbor,  1867,  Svo,  pp.  8.     [fYoui 

University  Magazine.l 
Report  on  the  Museum  of  the  University,  September  21,  1867:  Published  by  the 

Board  of  Regents,  Svo,  pp.  12. 
The  Onward  March  of  the  Race:   University  Magazine ,  vol.  ii,  1868;  separate,  rv- 

paged,  Svo,  pp.  8. 
Report  on  the  Museum  of  the  University,  September  24,  1868 :  Svo,  pp.  15,  wiiit 

plate. 
The  Geological  Foundations  of  our  Stiite :  Detroit  WeMy  Advertiser  and  7H6w>ii',  X<»- 

vember,  1868. 
Syllabus  of  a  Course  of  Lectures  on  Geology  to  be  delivered  in  the  Universdty  of 

Michigan  in  the  months  of  March,  April  and  May,  1869:  Ann  Arbor,  KStf^, 

Svo,  pp.  13. 
The  Old  Age  of  Continents:   Western  Monthly,  April,  1869,  pp.  210-215,  royal  Svo. 
The  Bowlder  of  '69:   Uniremty  Magazint\  May,  1869,  pp.  4. 
A  (irasp  of  Geologic  Time:    Western  Monildy,  June,  1869,  pp.  3()9-374. 
Table  of  Geologiciil  Equivalents:  Geology  of  Tenn.,  1869,  pp.  364,  365. 
Descriptions  of  Fossils  from  the  Silicious  Group  of  Tennessee :  Geology  of  Tnin.. 

1869,  pp.  440-446. 
Outlines  of  a  Proposed  Final  Report  of  a  Survey  of  the  State  of  Michigan,  to  Ix' 

made  in  pursuance  of  an  act  approved  March  26,  1869:  Ann  Arbor,  1869,  Svo, 

pp.  8. 
Report  of  Operations  in  the  Museum  of  the  University  of  Michigan  in  the  Depart- 
ment of  Greology,  Zoology  and  Botany,  and  the  Department  of"  Archfeologj'  antl 

Relics,  for  the  year  ending  September  21,  1869:  Ann  Arbor,  1869,  Svo,  pp.  H- 
The  Mineral  Fertilizers  of  Michigan :  Rep.  Depart.  Agric.  Washington,  1869,  pp.  — 
Syllabus  of  a  Course  of  Lectures  on  Geology,  to  be  delivered  in  the  University  of 

Michigan  in  the  months  of  February  and  March,  1870:  Ann  Arbor,  1870.  Svo, 

pp.  18. 
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Sketches  of  Creation :  A  popular  View  of  some  of  the  Grand  Conclufiions  of  the 
Sciences  in  reference  to  the  History  of  Matter  and  of  Life,  tojfether  with  a 
statement  of  the  intimations  of  Science  respecting  the  primordial  condition 
and  ultimate  destiny  of  the  Earth  and  the  Solar  System,  with  illustrations. 
New  York  :  Harper  &  Brothers,  1870,  12mo,  pp.  459. 

Brazil  in  the  Reign  of  Ice:  College  Couraiiif  June  4  and  11,  1870. 

Si'liedules  of  Instructions  for  Observers  and  Collaborators  [on  the  (Geological  Sur- 
vey], 1870,  8vo,  pp.  7. 

A  Oeological  Chart :  Exhibiting  the  Classification  and  Relative  Positions  of  the 
Rocks  and  the  various  Phenomena  of  Stratigraphical  Geology,  together  with 
an  Indication  of  Geological  Equivalents,  the  most  important  American  and 
Foreign  Synonyms  and  numerous  Typical  Localities,  with  an  actual  Section 
from  the  Atlantic  to  the  Rocky  Mountains.  Harper  &  Brothers :  New  York. 
Size,  4  ft,  by  7  ft. 

A  Key  to  a  Geological  Chart :  Svo,  pp.  18. 

Report  of  Operations  in  the  Museum  of  the  University  of  Michigan  in  the  De- 
partment of  Geoloary,  Zoology  and  Botany  for  the  year  ending  September  19, 
1870:  Ann  Arbor,  1870.     [Published  by  Board  of  Regents.] 
On  the  Geological  Age  and  Equivalents  of  the  Marshall  Group :  Proc.  Amer.  Philoa. 

Soc.,  vol.  xi,  1871,  pp.  57-82,  385-418. 
Notices  and  Descriptions  of  Fossils  from  the  Marshall  Group  of  the  Western  States, 
with  Notes  on  Fossils  from  other  Formations:  Proc.  Amer.  Philon.  Soc.y  vol.  xi, 
1871,  pp.  245-260. 
Rejjort  on  the  Progress  of  the  State  Geological  Survey  of  Michigan :  Presented  to 
the  State  Geological  Board  November  22,  1870,  by  authority.    Lansing,  1871, 
Svo,  pp.  64. 
The  Geology  of  Berrien  County,  Michigan :  Directory  of  Berrien  County ^  February, 

1871. 
Geological  History  of  Mammoth  Cave :  Indianapolis  Daily  Jotimaly  August,  1871 ; 

American  NaturaliMj  November,  1871. 
The  Soils  and  Geological  Features  of  Michigan :  The  Traveler,  London,  Eng.,  vol.  i, 

1871,  p.  56. 

Report  of  Operations  in  the  Museum  of  the  University  of  Michigan  in  the  Depart- 
ment of  Geology,  Zoology  and  Botany  and  the  Department  of  Archceology  and 
Relics  for  the  year  ending  September  23,  1871 :  Ann  Arlwr,  1871.  [Published 
by  the  Board  of  Regents],  Svo,  pp.  12. 

Report  of  a  Geological  Survey  of  the  Vicinity  of  Belle  Plain,  Scott  County,  Minne- 
sota: Printed  by  order  of  the  Senate,  Saint  Paul,  1872,  Svo,  pp.  16,  with  cut. 

Moses  and  Geology:  Sunday  School  Journal ,  August,  1872,  pp.  171,  172. 

The  Mosaic  Deluge :  Sunday  School  Journal,  September,  1872,  pp.  193-195. 

Man  in  the  Light  of  Geology  :  Sunday  School  Journal,  October,  1872,  pp.  219-221. 

Finiteness  of  the  Existing  Order  of  Things :  Sunday  School  Journal,  November, 

1872,  pp.  241-243. 

[Supplement  to]  *Moses  and  Geology :  Sunday  School  Journal,  January,  1873,  pp. 
13,  14. 

Report  of  Operations  in  the  Museum  of  the  University  of  Michigan,  in  the  Depart- 
ment of  Geology  and  Botany  and  the  Department  of  Archieology  and  Eth- 
nology, for  the  sixteen  months  ending  January  14,  1873,  Svo,  pp.  20. 

The  Diagonal  System  in  the  Physical  Features  of  Michigan :  Am.  Jour.  Sci.  and 
Arts,  3d  series,  vol.  vi,  1873,  pp.  3^40. 
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The  Geology  of  tlie  Stars  :  Boston,  Estes  &  I-.aiiriat,  Half  Hour  Eeereations  iu  P*y. 

S<:i.f  no.  7,  pp.  255-28(). 
Michigan :   Being  Condensed  Popular  Sketches  of  the  Topography,  Climate  atA 

Geology  of  the  State :  8vo,  pp.  121,  with  8  lithographic  and  colored  chart**, » x- 

tracted  from  Wdfling^s  Atlas  of  Mich. 
Syllabus  of  a  Course  of  Lectures  on  Geology,  to  iTe  delivered  in  the  Syracuse  I'l  i- 

versity  during  the  Winter  Term  of  1874-75:  Syracuse,  1875,  8vo,  pp.  32. 
School  of  Geology  in  the  Syracuse  University,  8vo,  pp.  4  [Project  of]. 
SupiKised  Agencyof  Ice-Floes  in  the  Champlain  Epoch  :  Ain.  Jour.  Set.  and  Art.'.p'. 

series,  vol.  xi,  1876,  pp.  225-228. 
Rectification  of  the  (ieological  Map  of  Michigan :  Proc.  Am.  Asaoc.  Adr.  Sci.,  vi.-L 

xxiv,  1875,  pp.  27-43. 
Climate  and  Time :  A  Review  of  CroU's  Climate  and  Time :  Iraemationad  Rer. ,  July- 
August,  187(i,  pp.  519-526. 
The  Dawn  of  Life:  A  Review  of  Dawson's  "The  Dawn  of  Life":  Itiimuiiioufh 

Rev.,  July-August,  1876,  pp.  541-544. 
God  in  the  World:   A  Review  of  Crocker's  Theistic  Conception  of  the  WorM 

Meth.  Quart.  Rer.,  vol.  Iviii,  1S76,  i)p.  511-52t). 
The  Old  Age  of  Continents:  St/racuse  Journal,  January,  1878. 
Mastodon  and  Mammoth :  Published  by  Professor  H.  A.  Ward  from  articles  in  .V"^ 

York  Tribune,  August  17,  1878,  8vo,  pp.  10. 
Syllabus  of  a  Course  of  Lectures  on  Geology,  delivered  before  tlie  Stato  Nonual 

School  at  Potsdam,  New  York,  May  19-31,  1879,  8vo,  pp.  7. 
The  Sanitary  Geology  of  Xashville  [Tenn.]  ;  or,  the  Geological  Structure  of  Nash- 
ville in  Relation  to  Drainage,  Springs,  Wells  and  Cellars:  8vo,  pp.  14,  Rep»rt 

of  the  Nashville  Board  of  Health,  1878. 
Syllabus  of  Courses  of  I^ecturesand  Instruction  in  General  Geology,  with  Refereno^ 

to  Sources  of  Information :  Ann  Arlx)r,  Sheehan  &  Company,  1879,  8vo,  i»p.  1 1'». 
Preadamites;  or,  a  Demonstration  of  Existence  of  Men  before  Adam,  togelhtr 

with  a  Study  of  their  Condition,  Antiquity,  Racial  Affinities  and  Progres^iw 

Dispersion  over  the  Earth ;  with  charts  and  other  illustrations :  Chicagt>,  ?^. 

C.  Griggs  &  Company ;   London,  Triibner  <fe  Co.,  1880,  8vo,  pp.  xxvi,  500, :» 

charts,  frontispiece,  57  woodcuta. 
Geology  of  Washtenaw  County,  Michigan  [extracted  by  permission  from  the  \\\^ 

tory  of  Wjishtenaw  Count}']:  Chicago,  (/harles  C.  Chapman  &  Co.,  1881,  Svu. 

pp.  30;  ///.<   Washtenaw  Vounitj,  pp.  141-172. 
Sparks  from  a  (leologist's  Hammer:  Chicago,  S.  C.  Griggs  &  Co.,  1881,  12mo.  pp. 

400,  20  illustrations. 
Priniitive  Sttiges  of  Cosmical  Evolution  :  Science*,  vol.  ii,  p.  179,  April  16,  188!. 
A  Scientific  Romance.     Review  of  Donnelly's  Ragnarok  :  Tfte  Dial,  Chicago,  Janu- 
ary, 188,3,  pp.  207-209. 
The  Use  of  the  Microscope  in  Geology :  The  Mirro»cope,  February,  1883. 
World-Life  or  Compiirative  Geology :  12mo,  pp.  xxiv  and  (>42,  with  59  illustrations 

S.  C.  Griggs  &  Co.,  Chicago,  2d  November. 
Secular  Increase  of  the  Earth's  Mass:  Science,  vol.  ii,  pp.  820,  821,  December  l*S, 

lv^8:»;  Chemical  Xeu's,  I^ndon,  March,  1884. 
Limits  of  Tertiary  in  Alabama :  Science,  vol.  iii,  p.  32,  January  11,  1884. 
Geologiail  Excursions,  or  the  Rudiments  of  Geology  for  Young  Learners:  12uh», 

pp.  v,  2.34,  with  87  illustrations  in  the  text,  Chicago,  S.  C.  Griggs  &  Co.,  May 

16,  18^4. 
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Ts\l>le  for  Detennination  of  Minerals:    Young  }f'meralogiJtfj  April,  1885. 

Tal>le  for  Determination  of  Rocks :    Young  Mhieralogi^y  May,  1885. 

Continent  Building:   Th€  Uiiiversity,  June,  1885. 

Provisional  Analysis  of  Stromatoporoids :  Pamphlet,  August  28,  1885,  pp.  2. 

Xot-es  on  some  of  the  Geological  Papers  presented  at  the  meeting  of  the  American 

Association  at  Ann  Arbor:  Am.  Jour,  Sci.,  iii,  vol.  xxx,  315-317. 
Sources  of  Trend  and  Crustal  Surplusage  in  Mountain  Stracture:  Am.  Jour.  Sri. 

iii,  vol.  xxx,  December,  1885,  pp.  417-420. 
Sources  of  Trend  and  Crustal  Surplusage  in  Mountain  Structure:  Proe.  Am.  Amoc. 

Adv.  Sci.,  1885,  pp.  209-212;  February  11,  1886. 
Grl»cier  Pressure  in  a  new  Light:  The  Argnmint,  Ann  ArlK)r,  March  13,  1886. 
Olacier  Pressure  and  Northern  Submergence  :  The  Argoiiaui,  April  10,  1886. 
1  Geological  Studies,  or  Elements  of  Geology,  for  High  Schools,  Colleges,  Normal 
and  other  schools.     Part  I,  Geology  inductively  presented.     Part  II,  Geology 
treated  systematically,  with  367  illustrations  in  the  text:  12mo,  pp.  xxv  and 
513.     Chicago,  S.  C.  Griggs  &  Co.,  July  1,  1886. 
Walks  and  Talks  in  the  Geological  Field :  12mo,  pp.  329.     New  York,  Chautauqua 

Press,  C.  L.  S.  C.  Department,  805  Broadway,  July  1,  1886. 
Report  of  Geological  Observations  made  in  Northeastern  Minnesota  during  the 
season  of  1886,  accompanied  by  a  geological  map  and  57  structural  illustra- 
tions :  Published  in  the  Flfteenih  Report  of  the  Minnesota  Geological  Surrey ,  Au- 
gust, 1887. 
Geology  and  the  Bible:  Published  in  ''You  and  F'   (afterward  "JSigndl  Lights^*). 

Detroit,  1887. 
The  Unconformities  of  the  Animikie  in  Minnesota :  American  Geologic,  January, 

1888. 
Geology  in  the  Educational  Struggle  for  Existence:  An  editorial  in  the  American 

Geologic,  January,  1888. 
Circular  letter  (January,  1888)  to  the  teachers  in  the  Secondary  Schools  of  Mich- 
igan, inquiring  as  to  the  teaching  of  geology  in  those  schools. 
Some  Effects  of  Pressure  of  a  Continental  Glacier :  American  GeologiM,  March,  1888. 
(leology  in  the  Schools  of  Michigan:  Second  circular  letter  to  the  teachers  of 

Secondary  Schools  in  the  State,  March,  1888. 
The  Taconic  Question:  American  Geologist,  June,  1888,  vol.  1,  pp.  347-363. 
Cxeology  as  a  Means  of  Culture :  Anwrican  Geologist,  July  and  August,  1888,  pp.  44- 

51,  and  100-114. 
(teology  and  Culture:  Read  at  the  Twenty-sixth  Convention  of  the  University  of 

the  State  of  New  York.     Published  by  the  Regents,  November,  1888. 
American  Geological  Society :  Three  circulars  of  tlie  Committee  of  Organization. 
The  Geological  Society  of  America :  Editorial  in  the  American  Geologist,  Januarv, 

1889. 
Report  of  the  Geological  Survey  of  Minnesota  during  the  Season  of  1887,  embrac- 
ing comparative  observations  on  some  other  regions :  Published  in  the  Sij- 
teenth  Report  of  the  Mimu^ota  Survey,  pj).  133-503. 
Conglomerates  enclosed  in  Gneissic  Terranes:  American  Geologist,  March,  1889,  pp. 

154-165. 
Rejoinder  to  Dr  Lawson:  Editorial  in  the  American  Geologist,  March,  1889. 
Two  Systems  Confounded  in  the  Huronian:  American  Geologist,  March  1889,  pp. 
212-214. 
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Conglomerates  enclosed  in  Gneissic  Terranos  (supplement):  American  Genlo*j'n4. 
April,  1889,  pp.  2o&-262. 

Douglass  Houghton  (with  portrait):  Auierican  Geologist^  September,  1889,  pp.  12i*- 
139. 

Views  on  Prenebular  Conditions:  Amermm  Geologist ^  October,  1889,  pp.  196-20n. 

Charles  Whittlesey  (with  portrait) :  Amerienn  Gco/ogUtf  November,  1889,  pp.  2n7- 
208. 

Some  Results  of  Archean  Studies:  BiUL  Geol.  Soc.  Am.^  vol.  1,  April,  1890,  pp. 
357-394. 

Winter  Meeting  of  the  Geological  Socdety  of  America :  American  Geologini,  February, 
1890,  pp.  117-122. 

Organization  of  the  Geological  Society  of  America:  Historical  Sketch  of  the  Or- 
ganization (prepared  in  accordance  with  the  request  of  the  Council) :  Bull. 
Geol.  Soc.  Am.^  vol.  1,  February,  18iK),  pp.  1-6. 

The  Geological  Position  of  the  Ogishke  Conglomerate:  Proc.  Am.  Assioc.  Adv.  St-i, 
vol.  xxxviii  I  abstract). 

Recent  Views  alx>ut  Glaciers :  The  Forum,  November,  1890,  pp.  30(>-315. 

Recent  Observations  on  some  Canadian  Rocks:  American  GeoHogiM,  Det*eniWr, 
1890,  pp.  360-370. 

American  Opinion  on  the  Older  Rocks :  Published  in  the  EiglU^enth  Report  of  Ote 
Minneaota  Geological  Surrey,  pp.  (>5-22(). 

A  Last  Word  with  the  Huronian:  Bull.  Geol.  Soc.  Am.,  vol.  2,  pp.  a5-124,  Febru- 
ary 5,  1891. 

GBOLOGTCAL  WRITINGS  OF  CHARLES  ALBERT  ASHBURNER* 
BY   FRANK   A.    HILL 

Puhl\*)ied  uiuUr  the  direction  of  Oie  Board  of  Commimioners  of  the  Second  Geologictil 

Sun^ey  of  Pennxylmnia 

Report  of  the  A  ugh  wick  Valley  and  East  Broad  Top  District:  Rei>ort  F,  1878,  pp. 

140-184. 
The  Geology  of  McKean  County  and  its  connection  with  that  of  Camen)n,  Elk 

^  and  Forest:  RepoH  R,  1880. 
Geological  Atlas  of  McKcau  County  :  Alloa  i?,  1880. 
Notes  on  the  Geology  of  Potter  County:  Report  GS,  1880,  pp.  97-106. 
A  Description  of  the  Renovo  Coal  Basin,  Clinton  County :  Report  G4,  1880,  pp. 

73-78. 
The  Geology  of  the  Panther  Creek  Basin  or  Eastern  end  of  the  Southern  FieW : 

Firnt  Report  of  Progress  in  tlie  ArtthracUe  Coal  Region,  A  A,  1883,  pp.  1-242. 
Geographical  Atlas,  Southern  Anthracite  Field:  Part  1,  A  A,  1883. 
Statistics  of  Production  and  Shipment  for  1883  and  1884 :  Second  Report  of  Progre^* 

in  tfie  Anthracite  Coal  Regions,  Part  1,  A  A,  1885. 
Geological  Atlas,  Northern  Coal  Field:  Part  1,AA,  1885. 
Geological  Atlas,  Etistern  Middle  Coal  Field:  Part  1,  A  A,  1885. 
Geological  Atlas,  Western  Middle  Coal  Field:  PaH  1,  AA,  1885. 
Grand  (?ei)logical  Atlas,  Anthracite C/oal  Fields:  Parts  1  and  3,  1885. 

*  HioKrAphic  notice  in  volume  1,  p.  521. 
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The  Township  Geology  of  Elk  and  Forest  Counties:  ItepoH  RR,  1885,  pp.  G\-^2G. 

1  leologicral  Atlas  of  Elk,  Cameron  and  Forest  Counties :  Atlwi  RRy  1885. 

I^rillinjjs  for  Coal  in  Sergeant  Township,  McKean  County:  A  corresjwndence  by 
N.  F.  Jones,  J.  P.  Lesley,  and  C.  A.  Ashburner :  RejxM  RR,  1885,  pp.  327-3a3. 

^i'otes  on  Iron  Ores  in  Cameron  County :  Report  RR,  1885,  pp.  363-369. 

I5*)ring  for  Oil  in  Potter  County,  with  geological  conclusions  based  on  the  same: 
Ammal  RepoH  1885,  1886,  pp.  82-91. 

Report  on  the  Topton  Run  Coal  Openings,  Blair  County :  Anmud  Report  1885 ,  pp. 
251-265. 

Second  Rei)ort  of  Progress  in  the  Anthracite  Coal  Regions :  Part  2,  Annual  Report 
1885,  pp.  269-4;37. 

I^»])ort  on  the  Wyoming  Valley  Limestone  Beds:  Annwif  Report  1885,  pp.  437^460. 

lieport  on  the  Bernice  Coal  Basin,  in  the  Ix)yalsock  and  Mehoopany  Coal  Fields 
in  Sullivan  County:  Anruial  Report  1885,  pp.  460-486. 

Report  on  the  Brandywine  Summit  Kaolin  Bed,  Delaware  County :  Annual  Report 
1885,  pp.  593-611. 

description  of  the  Archbald  Pot<-holes;  also  of  the  Buried  Valley  of  Newport 
Creek,  near  Nanticoke,  with  sj)ecial  reference  to  the  "  Nanticoke  Mine  Dis- 
aster" of  December,  1885:  Ammal  Re^ymi  1885,  pp.  615-637. 

Published  in  Tran^iactions  American  Instiiate  Mining  Engineers 

Tlie  Bradford  Oil  District  of  Pennsylvania :  vol.  vii,  1879,  p.  316. 

T^razos  Coal-field  in  Texas:  vol.  ix,  1881,  p.  495. 

New  Method  of  Mapping  the  Anthracite  Coal-fields  of  Pennsylvania :  vol.  ix,  1881, 

p.  506. 
Tlie  Flannery  Boiler-setting  for  the  Prevention  of  Smoke:  vol.  x,  1881,  p.  212. 
T\\e  Anthracite  Coal-beds  of  Pennsylvania:  vol.  xi,  1882,  p.  136. 
The  Product  and  Exhaustion  of  the  Oil  Regions  of  Pennsylvania  and  New  York : 

vol.  xiv,  1885,  p.  419. 
The  Geology  of  Natural  Gas:  vol.  xiv,  1885,  p.  428. 
The  Classification  and  Constitution  of  Pennsylvania  Anthracites:  vol.  xiv,  1886, 

p.  706. 
The  Geological  Distribution  of  Natural  Gas  in  the  United  States:  vol.  xv,  1886. 

p.  505. 
The  Geological  lielations  of  the  Nanticoke  Disnater:  vol.  xv,  1887,  p.  629. 
Coal  Production  in  Utah:  vol.  xvi,  1887,  p.  356. 
Petroleum  and  Natural  Gas  in  New  York  State :  vol.  xvi,  1888,  p.  906. 
The  Development  and  Statistics  of  the  Alabama  Coal-fields  for  1887 :  vol.  xvii, 

1888,  p.  206. 
Natural  Gas  Explorations  in  the  Eastern  Ontario  Peninsula:  vol.  xvii,  1888,  p.  290. 
The  Geology  of  Buffalo  as  related  to  Natural  Gas  Exploration  along  the  Niagara 

River:  vol.  xvii,  1888,  p.  398. 
The  Coal  Trade  and  Miners'  Wages  in  the  United  States  for  the  Year  1888 :  vol. 

xviii,  1889,  p.  122. 
Dewtription  of  the  Discovery  of  Vespertine  Coal-l)eds,  Huntingdon  County,  Penn- 

Fsylvania,  read  at  Cleveland  meeting,  October,  1875.    Not  published  in  Transac- 
tions. 
Section  of  the  Paleozoic  Strata  of  Huntingdon  County,  Pennsylvania,  read  at 

Philadelphia  meeting,  June,  1876.     Not  published  in  Transactions. 
LX XIX— Bull.  Gkol.  Soc.  Am.,  Vol.  5, 1893. 
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PnUiahed  by  the  American  PhUosophical  Society 

Paleozoic  Formations  in  Middle  Pennsylvania:  vol.  xvi,  1877,  pp.  51*.>-561. 
Description  of  tlie  Wili'ox  Spouting  Water  Well:  vol.  xvii,  1877,  pp.  127-13t>. 
The  Constitution  of  the  Bradford  Oil  Land:  vol.  xviii,  1880,  pp.  419-422. 
Geolo^rical  Section  at  St.  Marys,  Elk  County,  Pennsylvania:  vol.  xix,  18S1,  pp.  oTw- 

348. 
Notes  on  the  Natural  Bridge  of  Virginia:  vol.  xxi,  1884,  pp.  699,  700. 
Remarks  on  the  Recent  Publications  of  the  Geological  Survey  of  Pennsylvan:.i: 

vol.  xxii,  1884,  pp.  86-88. 

PuhlisJied  in  Proceedings  of  Engineers  .Guh  of  Philadelphia 

The  Oil  Sands  of  Pennsylvania:  vol.  1,  1878,  pp.  3-11. 

Progress  of  the  Second  Geological  Survey  of  Pennsylvania:  vol.  ii,  1881,  pp.  10^ 

114. 
Notes  of  the  Publications  of  the  Second  Geological  Survey  of  the  Anthracite  Ouii 

Fields  of  Pertisylvania:  vol.  iii,  1882,  pp.  169-171. 
New  Method  for  Estimating  the  Contents  of  Highly  Plicated  Coal  Bo^ls  as  api4k'«l 

to  the  Anthracite  Coal  Fields  of  Pennsylvania:  vol.  iii,  1883,  pp.  216-231. 
Brief  Description  of  the  Anthracite  Coal  Fields  of  Pennsylvania:  vol.  iv,  1SS>. 

pp.  177-209. 

PaUislicd  in  Journal  of  the  Fratiklin  InstittUe 

Oil  Sands  of  Pennsylvania:  vol.  cv,  1878,  pp.  225-233. 
The  Kane  Geyser  Well:  vol.  cviii,  1879,  pp.  :I47,  348. 

Pu^plinhed  by  tlie  American  Society  of  NiUuralist^ 

Meth')ds  in  PracticAl  (neology. 

Pnblinhed  by  the  United  States  Geological  Surrey 

Description  and  Production  of  the  Coal  Fields  of  the  United  States :    Mitut^i' 

Resources  for  18S5y  pp.  10-74. 
Description  and   Production  of  the  Coal  Fields  of  the  United  States:    Mintm^ 

RemHrce»for  1886,  pp.  224-378. 
Description  and  Production   of  the  Coal  Fields  of  the  United  States :    Ifinrfti' 

Resources  ffr  1887 y  pp.  H)8-:582. 
Description  and  Production  of  the  Coal  Fields  of  the  United  States :    Miiwrnl 

Resources  for  1888,  pp.  1(58-395. 

Miscellaneous  Puhlicatifms 

ThriH^  Statistical  Charts  Showing  the  History  and  Development  of  the  Oil  Reffion> 
of  Pennsylvania  and  New  York,  IS-V.^-ISSO:  Reitort  of  Petrolettm,  Tenth  T.  > 
Census, 

Sketch  of  the  Geology  of  Carbon  County,  Pennsylvania:  History  of  OiWxm  Owi*/v. 

ISv^. 

Pennsylvania  Anthracite  :  History  of  Carfjon  County,  1884. 
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I-ieport  of  the  Wyoming  Valley  Carboniferous  Limestone  Beds :    Wyoming  instorkal 

and  Geological  Society ,  1886. 
X')is<'us8ion  of  the  Westinjjhouse  System  for  regulating  the  Pressure  of  Natural  Gas  : 

Am.  Manufactures^  vol.  xli,  1886,  no.  22. 
<  jieology  of  Natural  Gas  in  Kansas :  Am.  Manufcwiures,  December,  1887. 
ljrtK)logy  of  Natural  Gas  in  Missouri :  Am.  Mamtfactures,  December,  1887. 
C  Geological  Exploration  for  Natural  Gas:  Am.  Manufactures,  December,  1887. 
The  Geology  of  Natural  Gas :  Crenfs  Treatise  on  Petroleum^  1887. 
A^merican  Petroleum,  its  History,  Geology,  Technology,  Transportation,  Refining 

and  Statistics :   Chautauquan  Magazine ,  February,  1888. 
Agricultural  Geology:  Encyclopedia  BrUannica,  American  Reprint,  vol.  vii,  1888. ' 


GEOLOGICAL  WRITINGS  OF  DAVID  HONEYMAN* 
BY  J.  G.  MCGREGOR  f 

Published  in  Transactions  of  tlie  Nova  Scotian  Institute  of  Science 

CJeology  of  Antigonish  County,  Nova  Scotia :  vol.  i,  1866,  part  4,  p.  106. 

The  Geology  of  Gays  River  (Nova  Scotia)  Gold-field:  vol.  ii,'186(J,  part  1,  p.  76. 

The  Geological  Features  of  the  Londonderry  (Nova  Scotia)  Iron  Mines :  vol.  ii,  18fj7, 

part  1,  p.  112. 
Notes  on  Iron  Deposits  on  East  River  in  the  county  of  Pictou,  Nova  Scotia :  vol.  ii, 

1870,  part  4.  p.  67. 
Record  of  Observations  on  Nova  Scotian  Geology  since  1855 :  vol.  iii,  1870,  pp.  6 

and  31. 
Record  of  Observations  on  the  Geology  of  Nova  Scotia  since  1865 :  vol.  iii,  1870, 

p.  62. 
Notes  on  the  Montague  (Nova  Scotia)  Gold  Mines :  vol.  iii,  1871,  p.  93. 
On  pre-Carboniferous  Rocks  of  the  Pictou  (Nova  Scotia)  Coal-field:  vol.  iii,  1871, 

pp.  105  and  141. 
On  the  Geology  of  the  Iron  Deposits  of  Pictou  County  (Nova  Scotia) :  vol.  iii,  1872, 

p.  171. 
Notes  on  the  Geology  of  Nova  Scotia  and  Cape  Breton:  vol.  iii,  1872,  p.  193. 
On  the  Metamprphism  of  Roitks  in  Nova  Scotia  and  Cape  BreUm  :  vol.  iii,  1873,  p. 

2,31. 
Tlie  History  of  a  Bowlder:  vol.  iii,  1873,  p.  32. 
Nova  Scotian  Geology — Intercolonial  Railway:  vol.  iii,  1873,  p.  345. 
Nova  Scotian  Cieology  :  vol.  iii,  1874,  p.  385. 

A  Month  among  the  Geological  Formations  of  New  Brunswick  :  vol.  iv,  1874,  p.  5. 
Nova  Scotian  Geolo;jfy— Antigonish  County  :  vol.  iv,  1875,  p.  47. 
Nova  Scotian  Geology —Superficial :  vol.^iv,  1876,  p.  lOt). 
Nova  Scotian  Geology  at  the  Centennial  Exhibition— International  Exhibition  of 

1876 :  vol.  iv,  1877,  p.  252. 
Pre-Carboniferous  Formations  of  Annapolis  and  Kings  Counties  (Nova  Scotia) : 

vol.  iv,  1877,  p.  337. 


♦  Hioi^raphic  notico  in  volume  1,  p.  520. 

t  Mr  MoGrogor  is  Secretary  of  the  Novn  Scotian  Instiltito  of  Science,  and  his  kinduosn  in  pro- 
parini;  the  lidt  is  gnitefully  rocot^nized  by  the  Society. 
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Nova  Scotian  Geology— pre-Carlx)niferou«,  Lower  Carboniferous,  etc ;  Retn«?|«t^.t 

to  1S.>9:  vol  iv,*lS78,  p.  4:it>. 
Nova  Scotian  Geology :  vol.  v,  1878,  p.  16. 

Nova  Scotian  (ieology — Notes  to  Retro8|>eet  of  1878:  vol.  v,  1879,  p.  64. 
Nova  Scotian  Geoloj;y — Annapolis  County  Continued:  vol.  v,  1879,  p.  119. 
Nova  S<Y)tian  (it^ilogy — Notes  on  a  new  tieoiogical  Progrest?  Map  of  Pictou  Count\ . 

vol.  V,  1880,  p.  192. 
Nova  Scotian  Archeology — Ancient  Pottery:  vol.  v,  1880,  p.  217. 
Nova  Scotian  Ge«)logy— DIgby  and  Yarmouth  Counties :  vol.  v,  1880,  p.  227. 
Archean  Gneisses  of  the  Cobeciuid  Mountains  (Nova  Scotia) — Magnetitic  :  \oi.  \, 

1881,  p.  271. 
Nova  Scotian  Geology— Superficial :  vol.  v,  1881,  p.  319. 
Geological  Xotes— Metalliferous  Sands :  vol.  v,  1882,  p.  334. 
Xotes  on  a  Polariscopic  Examination  of  Crystalline  Rocks  of  the  Yarmouth  ( Novji 

Scotia)  Gold-bearing  Series:  vol.  vi,  1882,  p.  7. 
Chebucto  Nullipores  with  Attaches:  vol.  vi,  1882,  p.  8. 
Glacial  Transportation  in  Nova  Scotia  and  Beyond  :  vol.  vi,  1883,  p.  34. 
Nova  Scotian  Geology— Halifax  and  Colchester  Counties  :  vol.  vi,  1883,  p.  52. 
A  supposed  Dei»p-8ea  Fish:  vol.  vi,  1884,  p.  85. 
Glacial  Action  at  Rimouski,  Canada,  and  Loch  Eck,  Argyk*shire,  Scotland :  vol,  vi, 

18^;  p.  119. 
Notes  of  a  Polariscopic  and  Microscopic  Examination  of  Crystalline  Rocks  of  Ni»va 

Scotia  and  Cayye  Breton :  vol.  vi,  1884,  p.  121. 
Geological  Notes  of  Excursions  with  Members  of  the  British  Association  and  Othen? : 

vol.  vi,  1884,  p.  166. 
Glacial  Distribution  in  Canada:  vol.  vi,  1884,  appendix,  p.  xiii. 
Louisburg  (Nova  Scotia),  Past  and  Present— a  Historico-Geological  Sketch  :  vol.  vi. 

1885,  p.  191. 
Nova  Scotian  Ichthyology — Addition  to  Jones'  Catalogue  of  1879 :  vol.  vi,  18S5,  p. 

228. 
Our  Glacial  Problem  :  vol.  vi,  1885,  p.  242. 
Additional  Notes  on  Glacial  Action  in  Halifax  Harbor,  Northwest  Ann  and  IM- 

ford  Basin  (Nova  Scotia) :  vol.  vi,  1883,  p.  251. 
Pr)larisc()i)ic  Examination  of  Crystalline  Rocks  of  Antigonish  County  (Nova  Scotiai : 

vol.  vi,  188(),  p.  2^)9. 
A  Revision  of  the  (kMilogy  of  AntifiTonish  County,  in  Nova  Scotia:  vol.  vi,  1886,  p.  *5»'^ 
Nova  Scotian  Ichthyology:  vol.  vi,*  1886,  p.  328. 

Geology  of  Argylesfonl,  Kings  County,  Nova  Scotia :  vol.  vii,  188(i,  [>.  7. 
Tlie  Nautilus  of  the  Brookliehl  Limestone — XimtUm  br<H)kfuldif  n.  sp. :  vol.  vii,  IS.N . 

p.  13. 
Notes  of  Examination  by  Professor  James  Hall  of  the  Silurian  C'ol lection  of  tin* 

Provincial  Museum  (Haliliiv,  Nova  S«otia) :  vol.  vii,  1887,  p.  14. 
Geology  of  Halifax  and  Colch&ster  Counties  (Nova  Scotia) :  vol.  vii,  1887,  p.  31k 
The  Giant  Trilobite  of  Moose  River  Iron  Mine,  Nova  Scotia :  vol.  vii,  1888,  p.  ^w. 
Glacial  Geolog>' of  Nova  Scotia:  vol.  vii,  1887,  p.  73. 
Carboniferous  Flora,  with  attiiched  Spirorbes :  vol.  ii,  1888,  p.  93. 
Our  Museum  Meteorites  :  vol.  vii,  1888,  p.  120. 
Nova  Scotian  Superficial  (reology,  with  map,  Systematized  and  illustrate<i :  vol.  vii. 

1888,  p.  131. 
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^-V  iJeolojxical  recreation  in  Massachufictts  Center,  U.  S.  A. ;  vol.  vii,  1888,  p.  197. 

<  xlat-ial  Bowlders  of  our  Fisheries  and  Invertebrates  attached  and  detached :  vol. 

vii,  188<),  p.  205. 
^ovaSi-otian  Erhinodeniiata:  vol.  vii,  1889,  p.  253. 
XwoOiiblo  Hauls  of  Marine  Invertebrates,  by  Cable  Steamer  Mtnia,  Captain  Trott, 

Commander:. vol.  vii,  1889,  p.  2(K). 

<  ihicial  (ieolojry  ofCai)e  Breton:  vol   vii,  1889,  p.  337. 

<  JiH)loj3:ical  Gleaninj?s  in  Nova  iScotia  and  Cajxj  Breton  :  vol.  vii,  1889,  p.  345. 

Publisfu'd  in  Transactiotis  of  Ifu:  Royal  SorU'ty  of  Canada 

<.>n  Some  Ferruginous  Concretions :  vol.  i,  section  iv,  1883,  p.  285. 
The  Geology  of  Cornwallis  or  McNabs  Island,  Halifax  Harbor,  Nova  Scotia:  voL 
iii,  section  iv,  1885,  p.  27. 

PMifhed  in  The  Quarterly  Journal  of  the  Geological  Society  of  London 

On  the  Geology  of  the  Gold-fields  of  Nova  Scotia :  November,  1862,  p.  342. 
Xotcs  on  the  Geology  of  Arisaig,  Nova  Scotia :  1870,  p.  490. 
On  the  (Jeology  of  Arisaig,  Nova  Scotia:  vol.  xx,  p.  33. 

Published  in  Tlie  Canadian  NaUinUiiU 

On  New  Ixicahties  of  fossiliferous  Silurian  Rocks  in  Nova  Si'otia :  vol.  v  (?),  p.  293. 

Separate  Publication 

Giants  and  Pigmies  (Geological):  Halifax,  Nova  Scotia,  1887. 

GEOLOOICAL  WBITINOS  OF  OEOBOE  H.  COOK* 
BY  JOHN   C.    SMOCK 

Kxjierinients  and  Observations  made  uiK)n  the  Onondaga  Brines:  Annual  Reports 
Stipf.  Onondaga  Salt  Sjtringis  of  Xetr  York,  1850,  1851 ;  1853,  January ;  1853,  De- 
cember, and  18()1. 

Rejxjrt  on  the  Geology  of  the  Southern  Division  of  New  Jersey:  Ann.  Rep,  of  the 
(wt'ol.  Surrey  of  Xnr  Jcrsry  for  the  ymr  1854,  pp.  56-78. 

Ke]>f»rt  on  the  (xeologj^  of  the  Southern  Division  of  New  Jersey:  Second  Ann.  Rep. 
of  th'  (ienl.  Survey  of  Xew  Jersey  for  1856 ^  pp.  53-108. 

Rej>ort<m  the  Progress  of  the  Geological  Survey  of  the  Southern  Division  of  the 
State  during  the  year  1856:  Third  Ann.  Rep.  of  the  Geol.  Survey  of  New  Jersey 
for  18o(iy  pp.  39-68. 

Final  RejKjrt  on  the  Gecjlogy  of  the  County  of  Cape  May :  Geol.  of  the  County  of 
(hjje  May,  N.  /.,  pp.  1-134. 

(3n  the  Subsidence  of  the  Land  on  the  Sea  Coast  of  New  Jersey  and  Long  Island  : 
Am.  Jour.  Sci.,  vol.  xxiv,  1857,  pp.  341-354. 

On  the  i)robable  Age  of  the  White  Limestone  at  Sussex  and  Franklin  Zinc  Mines, 
Xew  Jersey:  Am.  Jour.  Sci.,  vol.  xxxii,  1861,  pp.  208,  209. 


♦Biographic  notice  iD  volume  1,  p.  519. 
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Rep<jrt  on  the  Geological  Survey  of  New  Jersey  and  its  progress  during  the  years 

18t)3,  18G4,  pp.  1-13. 
Annual  Report  of  the  Geologituil  Survey  of  New  Jersey  for  18(>4:  1865,  pp.  3-24. 
Annual  Report  of  the  Geological  Survey  of  New  Jersey  for  1865 :  1866,  i»p.  1-12. 
Third  Annual  Report  of  the  Geological  Survey  of  the  State  of  New  Jersey  iorlS^iii. 

1867,  pp.  1-27. 
Report  of  the  State  Geoloyrist  for  the  year  1867 :  1868,  i)p.  1-28. 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1869:  1870,  pp.  1-57. 
Cieology  of  New  Jersey,  1868,  pp.  xxiv  to  899. 

Annual  lieport  of  the  State  Geologist  of  New  Jeraey  for  1870 :  1871,  pp.  1-73. 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year  1871 :  1872,  pp. 

1-44. 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year  1872 :  1872,  pp. 

1-44. 
Geology  of  New  Jersey:  Stale  Ailas  of  X.  /.,  1872,  pp.  14-18. 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year  1873 :  1874,  pp. 

1-128. 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year  1874 :  1874,  pp. 

1-115. 
Soils  of  New  Jersey  and  their  Distribution.     Fertilizers.     Improved  and  Unim- 
proved Lands  in  New  Jersey  :  Kird  Ann.  Rep.  New  Jersey  SliUe  Board  of  Agn- 

cuUurey  1874,  pp.  11-54. 
Report  on  Fertilizers  and  on  the  College  Farm :  Second  Ann.  Rep.  New  Jersey  S(au 

Board  of  Agricidture,  1874,  pp.  5-34. 
Annual  Report  of  the  State  Geologist  for  the  year  1875:  1875,  pp.  1-41. 
Soils  and  their  Composition — Lime-Greeusand  Marl :  Third  Ann.  Rep.  New  Jtr^^y 

Slaie  Board  of  Agriculture,  1875,  pp.  27-59. 
Annual  Report  of  the  State  Geologist  for  the  year  1876 ;  1876,  pp.  1-56. 
Marls:  Third  Ann.  Rep.  New  Jersey  State  Board  of  Agriculture,  1877,  pp.  45-138. 
The  Southern  Limit  of  the  last  Glacial  Drift  across  New  Jersey  and  the  adjaivnt 

parts  of  New  York  and  Pennsylvania :  Trans.  Am.  Inst.  Min.  En{f.,  vol.  vi,  May, 

1877,  pp.  467-470. 
Catalogue  of  the  Geological  Survey  Exhibit  of  New  Jersey :  Rep.  New  Jersey  Com. 

CerU.  K.V.,  1877,  pp.  217-304. 
.\nnual  Reix>rt  of  the  State  Geologist  for  the  year  1S77:  1877,  pp.  1-55. 
Shell  or  Calcareous  Marls:   Fourth  Ann.  Rrp.  of  the  New  Jertwy  State  Bmird  of  Agri- 

cnUure,  1S77,  pp.  16-54. 
ReiH)rt  on  the  Clay  Dej)0sits  of  Woodbridgt?,  South  Amboy  and  other  i)lacc:»  in 

New  Jersey:  1878,  pp.  9-381. 
Annual  Report  of  the  State  Geologist  for  the  year  1878:  1878,  pp.  1-131. 
Annual  Report  of  the  State  Geologist  for  the  year  1879 :  1879,  pp.  1-199. 
Annual  lieport  of  the  State  Geologist  for  the  year  1880 :  1880,  pp.  1-220. 
Annual  Report  of  the  State  (ieologist  for  the  year  1881,  pp.  1-88. 
The  Change  of  Relative  Level  of  the  Ocean  and  the  Upland  on  the  Eastern  Coast 

of  North  America:  I'roc.  Am.  A.  A.  ScL,  1882,  pp.  400-408. 
Annual  Report  of  the  State  (ieologist  for  the  year  1882:  1882,  pp.  1-191. 
Annual  Report  of  the  State  Geologist  for  the  year  1883 :  1883,  pp.  1-188. 
Annual  Rci>ort  of  the  State  Geologist  for  the  year  18S4 :  1884,  pp.  1-1  ()8. 
Annual  Rei>ort  of  the  Stiite  Geologist  for  the  year  1885 :  1885,  pp.  1-228. 
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Sketch  of  the  Geology  of  the  Cretaceous  and  Tertiary  ForinationH  of  New  Jersey  : 
Pal.  Orel,  and  Tert.  Fi/nnuiiom  of  New  Jersey,  voL  i,  1886,  pjK  t)-13. 

A  nniial  Report  of  tlie  StMe  Geologist  for  the  year  1880:  1887,  pp.  1-2.>1. 

Annual  Report  of  the  Stiite  Geologist  for  tlie  year  1887 :  1887,  pj).  1-45. 

Annual  Report  of  the  State  Geologist  for  the  year  1888 :  1889,  pp.  1-87. 

Atlas  of  Topographical  Survey  of  New  Jersey. 

Hi.storical  Notes  of  (jcological  Survey  of  New  Jersey :  Final  Rep,  of  the.  State  Qeolo- 
gist,  1888,  vol.  i,  pp.  1-9. 

lieportof  Subcommittee  on  Mesozoic:  Omgr>^  Geol,  Int.  4th  Sf-'mon,  Loridon,  1888, 
pp.  101-165. 

QEOLOOICAL  WRITINGS  OF  RICHARD  OWEN* 
BY   JOSEPH   STANLEY-BROWN 

Koport  [on  Pigeon  Point]  :  In  Report  of  a  Geolofftral  Surrey  of  l^7«con*/n,  loiva  and 
Minnesota,  and  incidentaUy  of  a  portion  of  Nebraska  Territory,  by  David  Dale 
Owen:  Philadelphia,  1852,  4to,  pp.  ^97-400. 
Key  to  the  Geology  of  tlie  Globe:  An  essay  designed  to  show  that  the  present  geo- 
j^rraphical,  hydrographical  and  geological  Structures  observed  on  the  Earth's 
Crust  were  the  result  of  Forces  acting  according  to  fixed,  demonstrable  Laws, 
analogous  to  those  governing  the  Development  of  organic  Bodies.  Illustrated 
by  maps  and  diagrams :  Philadelphia,  1857,  8vo,  256  pages. . 

Report  of  a  geological  Reconnoissance  of  Indiana,  made  during  the  years  1859  and 
1860,  under  the  direction  of  the  late  David  Dale  Owen,  M.  D.,  State  Geologist : 
Indianapolis,  1862,  8vo,  xvi,  868  pages. 

Report  on  the  Mines  of  New  Mexico  [joint  author  with  E.  T.  Cox]  :  Washington, 
D.  C,  1865,  8vo,  59  pages. 

[Vi.sit  to  the  newly  discovei-ed  Deposit  of  Rock  Salt,  near  New  Iberia,  on  the 
<^iulf  Coast,  in  the  State  of  Louisiana]  :  Communication  made  before  the  Saint 
L<juis  Academy  of  Sciences  September  5, 18()4;  published  in  Trans.  S(tinl  /Amis 
Arad.  Sci.,  vol.  ii,  1868,  pp.  250-252;  reprinted  in  extenso  in  Am,  Jmir.  Sci., 
2d  ser,,  vol.  xlii,  1866,  pp.  120-123. 

RejKjrt  of  a  geological  Examination  made  on  certain  Lands  and  Mines  in  the  O^un- 
ties  of  Haywood,  Buncombe,  Jackson  and  Macon,  North  Carolina,  and  Cocke 
County,  Tennessee:  NoHh  Carolina  Mining  Reports.  Indianapolis,  1869,  8vo,  19 
pages. 

Contributions  to  physiographic  and  dynamical  Geology,  involving  the  Discussion 
of  terrestrial  Magnetism  :  Proc.  Am.  Assoc.  Adv.  Sci.,  20th  meeting,  Indi- 
anapolis, 1871,  pp.  208-216;  Franklin  Jnstit.  Jour.,  3d  ser.,  vol.  Ixii,  1871,  pp. 
270-278. 

Terrestrial  Magnetism  [including  a  discussion  of  recent  volcanoes  and  earth- 
quakes]: Franklin  Instit.  Jour.,  3d  ser.,  vol.  Ixiv,  1872,  pp.  126-132. 

Arkansas  ;  Macfarlaiie' s  Geol.  R.  R.  Guide,  1879,  p.  206 ;  second  edition,  1890,  p.  406. 

The  Law  of  Land-forming  on  our  Globe:  Proc.  Am.  Assoc.  Adr.  *SV'i.,29th  meeting, 
Boston,  1880,  pp.  437-446. 

l-nilication  of  geological  Nomenclature:  Science  (edited  by  J.  Michels),  vol.  2, 1881, 
pp.  438-440.    • 


*  Biograpliic  notice  in  yolume  2,  p.  fiio. 
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R^sunit*  (Vun  Rapport  sur  P Unification  de  la  Nomenclature  jrt^olojrique :   ^'•*.  ■ 

Gl'uhtgiqne  hdernntlonni ^   Compte    Rendu,   2nie    session,   Bologne,   18^1,   it 

«2:5-(J2r>. 
Contrilnition  to  Seismolojry  [Abstract]:  Proc.  Am.  Aitsor.  Adv,  Sciy  olj^t  mti-ti.. 

Montreal,  1882,  pp.  329-336. 
Law  of  Fracture,  or  Fissuring,  applied  to  inorg^anic  and  organic  Matter  [V- 

stract]  :  Proc.  Am.  Assoc.  Adv.  <Sci.,  3l8t  meeting,  Montreal,  1882,  pp.  :-r- 

344. 
The  Earth's  orographic  Frame- work :  Its  Seismology  and  Geology  [Abstru«  'j 

Ptoc.  Am.  Assoc.  Adv.  Sri,  32d  meeting,  Minneapolis,  1883,  pp.  253-2a(i. 
The  continental  Tyi)e,  or  normal  Orography  and  Geology  of  Contineiiti?  [  i- 

stract] :  Proc.  Am,  Assoc.  Adv.  ScL,  32d  meeting,  Minneapolis,  1883,  pp.  -''- 

260. 
British  Earthquakes  and  their  seismic  Relations  [Abstract] :  Proc.  Am.  A^mo^.  .l-^- 

Sci.,  33d  meeting,  Philadelphia,   1884,  pp.  4:58-443;  also  Am.   J/>f*onW»<. 

Jour.,  vol.  i,  December,  1884,  pp.  317-321. 
The  recent  Earthquake  in  Greece  and  other  Places  on  August  28,  1886:  A*n.  M- 

feorologicai  Jour.,  vol.  iii,  September,  1886,  pp.  220-222. 
The  Relation  between  geographical  Forms  and  geological  Fonnations :  Am.  M*ttr- 

ologkal  Jour.,  vol.  iv,  November,  1887,  pp.  309-313. 
The  Relation  of  the  Pole  of  the  Land  Hemisphere  to  Continents,  to  the  majmf  li' 

System,  and  to  seismic  Force  [Abstract]  :  -.4m.  Mdiorological  Jour.,  vol.  iv, « »« - 

tober,  1887,  pp.  275-280. 
Derivation  of  the  terrestrial  Spheroid  :  Am.  Mdeorologiail  Jour.,  vol.  v,  Xovemlvr. 

1888,  pp.  289-293. 
Additional  Facts  respecting  the  Law  governing  the  Distribution  in  space  of  Sii*- 

mism:  Am.  Meteorological  Jour.,  vol.  v,  January,  1889.  pp.  419-421. 

The  President  declared  the  reading  of  scientific  papers  in  order.  Before 
the  reading  began,  the  following  rule  of  the  Council  relating  to  pa|»T- 
was  announced : 

**  Resolved,  That  in  view  of  the  Large  number  of  papers  offered  for  tin? 
"  meeting,  and  in  order  to  economize  time,  the  Council  rules  that  paprr* 
"  whose  authors  are  not  present  when  the  title  is  called  shall  go  to  thf 
"  end  of  the  program,  unless  tlie  Society  by  special  vote  in  each  cn-i' 
"  decides  otherwise." 

The  first  paper  on  the  printed  program,  following  the  title  of  thr 
Presidential  Address,  was,  in  the  absence  of  the  author,  held  in  place  hy 
special  vote,  and  was  read  by  the  President: 

OEOLOGICAL   NOTES   OX  SOAfE   OF  THE   COASTS  AND  ISLANDS  OF  BERINU  SKA 

AND   VICINITY 

BY   GEORGE   M.    DAWSON 

This  paper  is  printed  as  pages  117-146  of  this  volume. 
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Tlie  next  paper  was  read,  in  the  absence  of  the  author,  by  T.  W. 
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Introduction 


In  studying  a  collection  of  leaves  from  Herendeen  bay  and  inU^rglacial  wood 
from  beneath  Muir  glacier,  I  recently  had  occasion  to  go  over  the  literature  relat- 
inj?  to  the  fassil  flora  of  Alaska.  This  literature  is  somewhat  widely  saittered ;  and 
as  a  matter  of  personal  interest  and  convenience,  a  list  of  the  spc»eies  of  fossil 
plants  heretofore  reported  from  Alaska  was  compiled.  This  list  was  used  in  deter- 
mining the  collections  above  mentioned ;  and  after  completing  the  identifications 
and  descriptions  of  new  species  found  in  the  collection,  it  was  decided  to  present  a 
complete  compilation  of  the  fossil  flora.  This  is  done  partly  with  the  hope  that  it 
may  stimulate  further  investigation  of  the  paleobotany,  for  the  distribution  of  the 
plant-bearing  l>eds,  some  of  which  are  represented  by  single  examples,  indicates 
that  much  remains  to  be  accomplished.  This  is  further  shown  by  the  fact  that 
every  collection  contains  a  good  proportion  of  new  species. 

I  have  first  prepared  a  historical  review  of  works  and  pai)er8  relating  to  the 
fossil  flora  of  Alaska,  which  incidentally  shows  the  geographical  distribution  of  the 
plant  beds.  This  is  followed  by  a  systematic  enumeration  of  the  fossil  plants,  and 
a  discussion  of  the  geologic  age  of  the  beds  as  indicated  by  the  plants. 

Historical  Review 

One  of  the  first  accounts  of  fossil  plants  in  Alaska  was  given  by  Dr  C.  Grewingkf 
in  his  classical  history  of  the  northwestern  coast  of  America.  This  is  in  the  main  a 
compilation,  though  the  sources  from  which  he  derived  his  information  are  ob- 
scure, and  I  have  not  been  able  to  find  them.  It  is  hardly  probable  that  if  found 
they  would  prove  of  much  value.  He  reported  coniferous  wood  from  the  islands 
of  Kadiak  and  Unga  and  from  the  Alaskan  peninsula,  and  dicotyledons  (Alnu^) 
and  conifers  {Taxodium)  from  Tschugatsk  (Cook  inlet)  and  Unalasclika.  He  also 
mentioned  a  fern  from  Unga  which  he  supposed  to  have  some  re8end)larice  to 
XeuropUria  aciUifolm.  It  is  probably  the  same  as  Osmundd  ihyroachhifimt  of  Goppert, 
as  no  Carboniferous  fossils  are  known  from  Unga. 


♦Tlic  paper  is  printed  in  full  and  the  recently  foundo«l  Hpecies  referrtMl  ta  in  this  abstract  are 
described  and  illustrated  in  Proc.  U.  S,  National  Museum,  vol.  xvii,  1893,  pp.  207-240,  pi.  ix. 

tBeitrag  zur  Kennt.  d.  Orograpliisehen  und  Geoguontischen  Beschaffenheit  d.  Nord-West 
Kfinte  Amerilcas  mit  Anliegenden  Inseln:  Verhandl.  d.  Ru8»-Kais.  Mineralog.  Gesell.  St.  Potersb., 
Ig4»-I810;  Saint  Petersburg,  1850,  pp.  41,  93,  97,  124. 

LXXX— BUE.L.  Gbol.  Soc.  Am.,  Vol.  £,  1893. 
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A  year  later,  (irewinjjk  ajpiin  reforred*  to  fossil  plants  in  Alaska,  especially  i 
the  fossil  trunks  on  Ungji  island,  but  nothing  beyond  this  apiKiara  to  have  Ki  *i 
noticed,  t 

In  1861  Goppert  reported  J  on  a  small  collection  of  fossil  plants  obtained  in  An- 
gust,  1851),  by  Lieutenant  von  DoroshinJ  from  the  islands  of  Kadiak  and  U>:i-; 
(latitude  57i°)  II,  Atka  (latitude  52°)  1[.  and  Kootznahoo  (latitude  STi**)**.  Tl.*- 
last  of  these,  Kootznahoo,  is  in  the  vicinity  of  or  is  a  imrt  of  Admiralty  islanl. 
near  Sitka.  It  affonled  two  8[)ecies  of  dicotyledons  and  a  single  conifer.  Fr«»r.i 
the  combined  localities  G5ppert  enumerated  eleven  species,  a  number  of  wKlr}; 
were  new  ;  but  he  did  not  describe  them. 

In  18()6  the  same  collection  was  again  referred  to  by  Goppert,  tt  though  unfor- 
tunately, the  descriptions  were  not  even  then  supplied,  and  consequently  inr»??t  «'f 
the  names  remain  noinina  nuda. 

In  December,  1867,  Professor  Oswald  Heer,  of  Zurich,  wrote  a  lett-er  relating  to 
Alaskan  plants  to  Professor  A.  E.  Nordenskiold  of  Stockholm,  which  was  puV- 
lished  in  the  following  year.  JJ  It  was.  an  enumeration  of  the  plants  brou;rlir 
back  by  Funihjelm,  and  may  he  considered  as  an  outline  of  Heer*s  larger  work 
which  appeared  in  1869.  The  plants  were  arranged  according  to  localities,  an.l 
most  of  the  new  species  were  briefly  characterized. 

In  many  respects  the  most  imporLint  paper  on  the  fossil  plants- of  Alaska  b 
Heer's  Flora  Fosmlig  Aiftnkaiuifi'i  whicii  was  published  in  1869.  It  was  base«l,  iu- 
stated  above,  on  collections  brought  back  by  Iljalmar  Furuhjelm,  of  Helsingfor^, 
Finland,  who,  as  governor  of  the  Russian- American  possessions,  resided  for  neariy 
ten  years  in  Alaska.  He  made,  it  appeal's,  a  very  large  collection,  most  of  whirh 
w-as  lost  on  the  Mexican  coast  by  the  stranding  of  the  ship  in  which  they  wen* 
being  sent  home.  The  specimens  which  finally  reached  Europe  were  obtained 
from  the  island  of  Kuiu,||||  near  Sitka,  and  from  the  eastern  side  of  C5ook  inlet;  a 
part  coming  from  English  bay,  now  better  known  as  Port  Graham  (latitude  511^  21'; 
longitude  151°  52'),  and  the  rest  from  near  a  small  stream  known  as  the  Nenilt- 
8(!hik  (hititude  60°  9')-  The  latter  j)lace  is  about  50  miles  north  of  P(jrt  Graham. 
This  paper  enumerates  fifty-six  species,  of  which  numljer  nineteen  were  then  new 
to  science. 

♦  Heidlb.  Jahrb.  Lit.,  1851,  p.  235. 

t  For  the  modern  dosij^nations  and  orthography  of  Alaskan  localities  I  am  groatly  iDdebtoJ  tir 
Mr  Marcus  Baker  of  the  United  States  Geological  Survey. 

X  Ueber  d.  Tcrtirirfl.  d.  Pol.irgogouden  :  Abhandl,  d.  Schle«.  Gosoll.  fQr  Vaterl.ind-Cult ,  IST.l.  h<;ft. 
H,  pp.  201-204. 

This  paper  it*  aKo  puhlishod  under  the  same  title  iu  .MiMan^es  Physique  ot  Chimtques  tin^  Uu 
Bulletin  de  PAcad.  Imp.  des.  sc.  do  St.  Petersbourg,  tome  iv,  1860-'6l ;  Saint  Petersburg,  1S$1,  pp 
696-712. 

g This  name  is  written  "Doroschkln"  by  Gdppert,  but  is  an  obvious  German  rendering  of  th»- 
Russian  Doroshin. 

8  Thi.8  is  probably  from  a  bay  of  this  name  on  the  northwestern  coast  of  Kadiak,  but  as  there  nr* 
several  nameless  islands  in  this  bay  it  is  possible  that  it  may  be  one  of  them. 

If  This  was  written  "Atha"  by  Goppert,  but  Atka  is  the  modern  spelling. 

**  Given  an  "Hudsnoi  "  by.GOpport.  which  is  one  of  the  earlier  of  the  many  rendoring:?^  of  tht 
word  Kootznahoo. 

tt  Abhandl.  d.  Scliles.  Gesell.  f.  Vaterlfind-Cult.,  18fi6-'66;  Breslau,  1867,  p.  5a 

XX  Ut<irag  ur  ett  bvcf  af  Professor  Oswald  Heer  rovande  foMsila  vexter  fran  Nordvostra  Amcriks 
insamladeaf  Bergmastaren  Hj.  Furuhjelm:  Ofversigt  af  Vetensaps-Akad.  I«*6rhandl.,  18<>8;  no.  I 
pp.  (}3-<i8. 

g^  Kongl.Svenska  Vetenskapa-Akad.  Ilandl,  vol.  viii,  no.  4,  1869,  pp.  1-41,  pi.  i-x. 

[|J  Written  "  Kuju  "  by  Heer. 
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In  1871  Eichwald  *  nmde  a  reexamination  of  the  plants  collected  by  Lieutenant 
von  Doroahin  tliat  had  first  been  studied,  as  above  pointed  out,  by  Goppert  in 
18(>l.  Goppert,  it  will  Ije  remembered,  did  not  give  figures  or  descriptions  of  these 
plants  in  his  paper.  These  were  supplied  by  Eichwald,  who  also  made  use  of 
Heer's  Flora  FhssUls  Aldskana  in  working  over  the  collection.  He  enumerated  9 
species.  3  of  which  were  newly  named,  although  they  had  been  recognized  by 
Goppert  or  Heer.  Eichwald  also  gave  a  list  of  the  species  reported  from  all  parts 
of  Alaska  by  Heer. 

In  1882  Lesquereu.^  published  a  paper  entitled  "  Contributions  to  the  Miocenie 
Flora  of  Alaska,"  t  which  was  based  on  material  brought  back  by  Dr  William  H. 
Dall,  then  of  the  United  States  Coast  and  Geodetic  Survey.  The  plants,  which 
according  to  Lesquereux  were  finely  preser\'ed,  came  from  Coal  Harbor,  XJnga 
island ;  Kachemak  bay,  t  Cook  inlet ;  and  Chignik  bay,  Alaskan  peninsula  (lati~ 
tude  56}°).  It  enumerated  twenty-one  species  of  which  seven  were  regarded  as 
new  to  science.  This  paper  was  republished,  without  the  illustrations,  in  Lesque- 
reux's  "Cretaceous  and  Tertiary  Floras,"  as  one  of  the  reports  of  the  Hay  den 
survey.  I 

Also  in  1882,  Dr  J.  8.  Newberry  described  new  species  of  fossil  plants  from 
Alaska  in  his  paper  entitled  ''Brief  Descriptions  of  Fossil  Plants,  chiefly  Tertiary, 
from  w^estern  North  America."  ||  They  were  collected  by  Captain  Howard,  United 
States  Navy,  in  Cook  inlet  and  Admiralty  inlet,T[  and  by  the  United  States  Steamer 
Sitginaw,  in  Kootznahoo  archipelago  (latitude  57°  35';  longitude  134°  19'),  the 
last  on  February  18,  1869. 

The  figures  illustrating  the  foregoing  collection  of  plants  were  prepared  and 
the  plates  were  engraved  and  printed  in  1871,  but  have  not  yet  been  formally 
Issued.  They  were  designed  to  form  the  illustrations  of  a  monograph  of  the  Hay- 
den  survey  for  which  the  text  was  never  supplied.  A  posthumous  work,  which 
will  embrace  these  plates,  is  in  preparation  by  Dr  Newberry's  successor  in  Col- 
umbia College,  Dr  Arthur  Hollick.  They  are  quoted  in  the  present  paper  as 
**  Plates." 

In  18S7  L3squereux  published  a  paper  entitled  **  List  of  recently  identified  Fossil 
Plants  belonging  to  the  United  States  National  Museum,  with  descriptions  of  sev- 
eral new  Species."  **  This  comprised  a  large  amount  of  material  that  had  been 
iux'u Ululating  in  the  department  of  fossil  plants  since  the  founding  of  the  Smith- 
^<ouian  Institution.  Among  them  were  a  few  species  recorded  as  having  been  col- 
lected in  the  vicinity  of  Sitka  by  E.  W.  Nelson, tt  and  at  cai)e  Lisburn  by  H.  D. 
Wocilfe.  The  specimens  from  the  latter  place  ajipear  to  have  been  a  part  of  the 
collection  tliat  was  described  from  the  same  locsility  in  the  following  year,  they 
having  been  accidentally  separated. 

*Googno9tisch-PAlrooritologische  Bemerknngen  Qber  die  Halbinsol  Mangischlak  und  die  Aleu- 
tischen  InseJn;  Saint  Petersburg,  1871,  pp.  107-110,  pi.  iv. 

tProc.  U.  S.  Nftl.  Mas.,  vol.  v,  1882  (188  J),  pp.  441-149,  pi.  vi-x. 

I  Often  called  Chagachik  bay,  and  so  written  by  Le-tquereux. 

\Vo\.  viii.  1883,  pp.  257-20.1. 

I  Proc.  U.  S.  Nat.  Mus.,  v6l.  v,  1882  (1883),  pp.  602-514. 

TThia  is  presumably  an  error  for  Admiralty  island,  there  being  no  inlet  bearing  the  name  Ad- 
miralty known  in  Alaska. 

»•  Proc.  U.  S  Nat.  Mus.,  vol.  x,  1887,  pp.  21-40,  pi.  i-iv. 

tt  I  am  informed  by  Mr.  Nelson  that  he  never  vi-<ited  Sitka  and  did  not  bring  back  any  fossil 
pUiQta  from  Ahiska.  This  throws  doubt  on  the  spo(dmeus  so  recorded,  and  their  locality  and  col- 
lector remain  unknown.    I  have  retained  them,  however,  as  recorded  by  Le.iquereux. 
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In  1888,  as  stated  al)Ove,  Lesquereux  published*  an  enumeration  of  i>lant<  (*\^ 
tained  at  cape  Lisburn  by  H.  I).  Woolfe.  This  collection  includeil  ten  speiMe?*,  •►!* 
which  nunilx»r  only  one  was  regaixied  a«  new  to  science. 

Tlie  last  paper  dealinj<  with  ])reglacial  fossils  is  one  by  Felix  t  in  which  he  4t 
scribed  two  species  of  silicified  wood,  one  obtained  by  Dr  Krause  of  Berlin  on  i 
basalt  mountain  south  of  Danaiika,^  and  the  other  from  Copper  island,  |  in  ta'- 
s(3Uth  western  part  of  Berinj?  sea. 

F.  H.  Ilerrick  is  the  only  investigator,  so  far  as  I  now  know,  who  has  idi-nii- 
fied  any  of  the  interjjlacial  wood.  His  paper,  **  Microscopical  Examination  <  f 
Wood  from  the  buried  Forest,  Muir  Inlet,  Alaska,"  was  published  as  Supplement  ir 
to  Harry  Fielding  Reid*s  jiaper  "Studies  of  Muir  Glacier,  Alaska."  |l  Prof*'?'^'' 
Herrick  identified  the  wood  submitted  to  him  with  the  tide-land  spruce  (/'">• 
ititchenffis,  Carr.)  now  living  about  the  glacier,  *' provided  that  microec<.>pii'al  w 
amination  of  the  wood  alone  could  be  relied  upon  for  the  determination  of  :?i«eti«- 
of  coniferous  trees." 

A  number  of  pieces  of  wood  from  the  buried  forest  of  Muir  glacier,  obtaine*!  in 
1892  by  Professor  Reid,  were  submitted  to  me  for  examination.  The  rep*jrt  on 
them  will  he  published  also  as  an  appendix  to  Professor  Reid*s  paper,  soon  to  a]- 
pear  in  the  National  Geographic  Magazine.  The  species  ol^served  are  reeorde«l  ir 
their  proi>er  systematic  position  in  the  present  paper. 

The  latest  work  dealing  with  fossil  flora  of  Alaska,  and  this  only  incidentally,  i- 
the  United  States  Geological  Survey  correlation  i)aper  on  the  Neocene  by  AV.  H. 
Dall  and  G.  I).  Harris.^  These  authors  review  at  length  all  fossil-lxjaring  hori&^n- 
in  Alaska,  and  on  a  map  accompanying  the  work  color  each  locality  geoU^i^Uy. 
They  speak  of  plant  beds  in  various  places. 

Herendecn  bay,  the  locality  affording  the  S{>ecimen8  that  form  the  basis  of  tlii> 
paper,  is  on  the  northern  side  of  the  Alaskan  peninsula  and  forms  a  branch  of 
Port  Moller  (latitude  55°  40^;  longitude  160°  40'  dr).  The  plants  were  ctUkvtf; 
July  28,  1890,  by  Mr  Charles  H.  Townsend,  resident  naturalist  of  the  Unite*!  Stat«^ 
Fish  Conmiission  Steamer  AU)airos9. 

Mr  Towns<»nd  has  furnished  the  following  copy  of  his  notes  relating  to  their 
occurrence : 

July  is.  1800.— In  inuklug  ji  tramway  to  tho  new  co;il  mine  just  opened  hore  (Herendfou  K^  . 
one  of  the  wlnty  cuttings  exposed  a  InrKe  depoHit  of  fossil  loAves  and  ferns,  alwut  a  niilf  tr  ti 
the  btueh,  at  tlio  head  of  a  little  valley  among  the  IiIMb  and  within  a  few  hundred  yard.<»  of  i  • 
niino  itself.  We  visited  the  place  twice  and  succeeded  in  getting  a  cousidenihle  quiinti't  • 
Mpecimens.  Coal  veins  crop  out  in  several  places  in  the  region  of  this  bay.  The  first  output  •»!  t  • 
new  mine  is  now  being  used  in  the  furnaces  of  the  Alftatroab,  but  it  is  from  near  the  surfao-  *•- 
rather  slaty. 

Mr  Townsend  further  adds : 

The  country  is  mountainous  and  tr.ioless,  l»ut  covered  with  buxhes  and  smaller  vcgotation.  U 
is  in  general  volcanic  and  there  are  lofty  peaks,  one  of  which,  Pavlotf",  has  l)eou  seen  smoking. 

*  Proc.  U.  8.  Nat.  Mus.,  vol.  xi,  18S8,  pp.  3l-3:J,  pi.  xvi,  figB.  1-6,  and  pi.  x,  fig  4. 
fZeitschr.  d.  D.  geol  fiesoll.,  vol.  xxxviii.  1886,  pp.  483-485. 
J  Fifty  miles  north  of  the  head  of  Lynn  canal,  in  southwestern  Alaska. 

gThis  is  really  extra-limital,  but  has  been  included  a.s  being  more  nearly  related  to  the  ALvk..- 
province  than  to  any  other. 
(|  National  Geographic  Magazine,  vol.  iv,  189:5,  pp.  75-78,  figs  4,  5. 
^  Bull.  U.  S.  Geol  Survey,  no.  84,  pp.  2:w-:i()8,  pi,  in. 
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The  material  in  which  the  plants  are  preserved  is  a  fine  argillaceous  sandstone, 
very  well  fitted  for  retaining  the  impressions.  The  vegetal  remains  are  in  most 
<.*£ise8  very  numerous,  even  on  small  fragments  of  matrix. 

Systematic  Enumeration  of  Species* 
ALO.'E 
Clumdriles  filicijonrm^  Le8(|uereu x . 
LiE>i<tuKREux,  Proc.  U.  S.  Nat.  Muh.,  vol.  xi,  1888,  p.  32,  pi.  xvi,  fig.  1. 
Cape  Lisburn  ;  H.  D.  Woolfe. 

Chondrites  keeri^  Eichwald. 

I^i<:iiw.\LP,  Geognostt.-PalfeoDtoloic ,  Bemerk.  Q.  Halbiosel  Munghchlnk  and  Aleuiischen  Insein; 

Saint  Pot«rsburg,  1871,  p.  Ill,  pi.  iv,  fig.  1. 
CJHondritM  sp.    Hekr,  FI.  Foss.  Aloak.,  p.  21,  pi.  x,  flg  5. 

Kachemak  bay ;  H.  Furuhjelm. 

EQUISETACEJE 
Equmtum  globulosum,  Lesquereux. 
LiSKMiUKBKUx,  Proc.  U.  S.  Nat.  Mus,,  vol.  v,  1882.  p.  444;  Cret.  and  Tert.  Flora,  p.  222,  pi.  xlviii,  fig.  3. 
This  fli)ecie8  was  obUiined  by  l)r  W.  H.  Dall,  but  the  exact  locality  is  not  given. 
As  the  only  localities  .from  which  he  obtained  fossil  plants  were  Cook  inlet,  Unga 
isjlanil,  andChugachik  bay,  it  most  probably  came  from  one  of  these. 

CcdamiUs  amblgaus,  Eichwald. 

Kjchwald,  Geogno9t.-Pal8Bontolog.,  Bemerk.  Q.  Halbinsel  Mangiflchlak  und  Aleatischen  Insein; 
Saint  Petersburg,  1871,  p.  114,  pi.  iv,  fig.  9. 

Northeastern  coast  of  Alaska  north  of  cape  Jaklok  and  south  of  a  small  stream 
l>earing  the  same  name ;  Eichwald. 

FILICES 

Pecopteris  deniiculcUa,  Heer. 

f^EKMUBUKUX,  Pfoc.  U.  S.  Nat.  Mu8.,  vol.  XI,  1888,  p.  32. 

(^ai>e  Lisburn ;  II.  D.  Woolfe. 

JHeris  sitkerutinj  Ileer. 

iiEKR,  Fl.  Fo8s.  AIuMk.,  p.  21,  pi.  i,  tig.  7a;  Eiciiwald,  Geognost.-Pal«eontolog.,  Bemerk.  Ci.  Halbinsel 
MangiNChlak,  und  Aleutitschen  Insein;  Saint  Petersburg,  1871,  p.  112. 

Inland  of  Kuiu,  near  Sitka ;  H.  Funihjelm. 

Osmuntla  dormchkiana^  Goppert. 

CvOPPKBT,  .\bhandl.  d.  Schles.  Oesell.  f.  Vaterland-Gult.,  18G1,  pt.  ii,  p.  203 ;  Eichwald,  Geognost.-Pali»- 

ontolog.,  Bemerk.  u.  Halbinsel  Mangischlak  und  Aleutischen  Insein,  p.  112,  pi.  iv,  figs.  2,  3. 
CPsmunda  toreUi,  Hkkb,  Lesqukreux,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  444,  pi.  vi,  figs.  3-6. 

Uiiga  island ;  Lieutenant  von  Doroshin.    Coal  Harbor,  Unga  island  ;  W.  H.  Dall. 


*  Tlie  compiled  descriptions  of  the  old  speoies  as  well  as  descriptions  of  the  new  forms  are 
4>fiiittcd  from  the  following  list.  They  may  be  found  in  the  Proc.  U.  8.  Nat.  Mus  ,  vol.  xvii,  pp. 
-jll-*j:il.  The  bibliographic  citations  refer  exclusively  to  the  occurrence  of  the  various  species  in 
.Ali^ka,  and  are  not  to  be  regarded  as  indicating  the  complete  synonymy. 
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Aspidium  wrdfdi,  Heer. 

Lksqurbkux,  Proc.  U.  S.  NtU.  Muh.,  vol.  xi,  188S,  p.  32. 

CaiKj  Liaburn ;  H.  D.  Woolfe. 

Asplenium  foerifterlt  Debey  and  Ettingshausen. 
LEi»4ue&Rux,  Proc.  U.  8.  Nat.  Mu».,  vol.  xi,  1888,  p.  Si 
Cape  Lisburn ;  H.  D.  Woolfe. 

CONIFER^E 

Asplenium  dkksoniunum,  Heer. 

Leaqukhrux,  Proc.  U.  S.  Nat.  Mus.,  vol.  xi,  1888,  p.  32. 

Cai>e  Lisburn ;  H.  D.  Woolfe. 

PinusI  staratschiniy  Heer. 

LK0QUEBBUX,  PfOG.  U.  8.  Nttt.  Mu8,,  vol.  XI,  1888,  p.  32. 

Cape  Lisburn ;  H.  D.  Woolfe. 

PinuHf  BX)ecies. 

Hbbb,  F1.  Foss.  .\la8k.,  p.  23,  pi.  i,  fig.  11. 
Port  Graham ;  H.  Furuhjelm. 

Sequoia  Inngsdorfii  (Brongniart),  Heer. 
Ubeb,  F1.  Fobs  Alask.,  p.  Zi,  pi.  i,  fig.  10.  * 

Port  Graham  and  Neniltschik;    H.  Furuhjelm.     Herend^en  bay;  Gharle?  II. 
Townsend. 

Sequoia  apinomf  Newberry. 
Newbbhry.  Proc.  U.  8.  Nat.  Mus.,  vol.  r,  1882  (1883),  p.  604;  plates,  pi.  liii,  figs  4,  5,  ined. 

Cook  inlet ;  Captain  Howard,  U.  S.  Navy. 

Jhxodium  dislichum  miocenum,  Heer. 

Hebb,  FI.  Fosh.  A]ii8k.,  p.  21,  pi.  i,  fig.  0;  iii,  fig.  lie;  iv,  fig.  5/,  e. 

Port  Graham  and  Neniltschik;    H.  Furuhjelm.     Near  Sitka;  Lieutenant  von 
Doroshiu.     Herendeen  bay  ;  Charles  H.  Townsend. 

TiLvodinm  tinnjorum,  Heer. 

Heer,  F1.  Foss.  A  lank.,  p.  22,  pi.  i,  figs.  1-6. 

Port  Graham  ;  H.  Furuhjelm. 

Tnxodmm  tiimjorum^  Heer,  var. 

EiCHWALD,  Geognost.-Palroontolog.,  Bumcrk.  u.  Htilbiii.sol  .MaagUchlak  und  AlcutitH^heo  IiiM-in; 
Saint  Petersburg,  1871,  p.  11(5,  pi.  iv,  fig.  4. 

Port  Graham  (English  bay)  and  Neniltschik  ;  Lieutenant  H.  von  Doroehin. 

Glyptostrobus  europivas  (Brongniart),  Heer. 
Hbbb,  Fl.  Foss.  Alask.,  p.  22,  pi.  i,  fig.  7  bji  iii,  fi^R.  10, 11. 

Kuiu  island,  near  Sitka;  Lieutenant  von  Doroshin.     Neniltschik;   H.   Furuh- 
jelm.   Herendeen  bay,  Charles  H.  Townsend. 

TaxUes  olriki,  Heer. 

Hebb,  Fl.  Foss.  Alask.,  p.  23,  pi.  i,  fig.  8 ;  ii,  66. 

Port  Graham  ;  H.  Furuhjelm. 
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Thuiles  (Chanuvrt/jxiris)  aiankensis^  I^sqnereux. 
LEsquBRKUX,  Proc.  U.  8.  Nat.  Mns.,  vol.  v,  18S2  (1883),  p.  445,  pi.  vi,  fiB«.  7-«J. 
Ojal  Harbor,  Unga  island  ;  Dr  W.  H.  Dall. 

Gingko  muUinennSt  Heer. 
LfESQUBBKVX,  Proc.  U.  S.  Nat.  Mas.,  vol.  xi,  1888,  p.  31,  pi.  xvi,  fig.  6. 
Cape  Lisburn ;  H.  D.  Woolfe. 

Crvngho  adiantoides  (linger),  Heer. 
LiESQUEBKUx,  Pfoc.  U.  8.  Nat.  Mas.,  vol.  x,  1887,  p.  35. 

Sitka ;  E.  W.  Nelson  (?). 

A  single  small  doubtful  fragment  from  Hercndeen  bay.    Collected  by  Charles  1 1. 
Townsend. 

Baiera  pcdmcUa,  Heer. 

I^EimvEBEUx,  Proc.  U.  S.  Nat.  Ma?.,  vol.  xi,  1888,  p.  31,  pi.  xvi,  figs.  4,  5. 
Cape  Lisburn  ;  H.  D.  Woolfe. 

Picea  gilchengiSy  Carr. 

ITeRDiCK,  Nat.  Geog.  Mag.,  vol.  iv,  1892,  pp.  75-78,  figs.  4,  5;  Knowlton,  Notes  on  the  Exam i nation *of 
a  Colleclion  of  Interglacial  Wood  from  Muir  Gincier,  Alaska,  ms. 

Miiir  glacier ;  Harry  Fielding  Reid. 

Tsuga  merteimana,  Carr. 

Knowlton,  Notes  on  tho  Bxamination  of  a  Collection  of  Interglacial  Wood  from  Miiir  (ilncJcr, 
Alaska,  vs. 

Muir  glacier ;  Harry  Fielding  Reid. 

Capremiwxylon  erraticumj  Mercklin. 
Fei.ix,  Zoitschr.  d.  D.  geol.  Ge.sell.^vol.  xxxviii,  188fi,  p.  484. 

Copper  ishiiid,  southwestern  part  of  Bering  sea ;  Dr  Krause. 

Pinites  ]xinnoniciis  (linger),  Goppert. 
GoppERT,  Ahhandl.  d.  Schles.Gesell.,  18C1,  p.  203 ;  Herb,  F1.  Foss.  Alask.,  p.  23. 
Southwestern  end  of  Unga  island ;  Lieutenant  von  Doroshin. 

PUyoxylon  inxqualet  Felix. 
Felix,  Zeitschr.  d.  D.  geol.  Gesell.,  vol.  xxxviii,  188G«  p.  483,  pi.  xir,  fig.  .3. 
Basalt  mountain,  south  of  Danadku ;  Dr  Krause. 

CYCADACEjE 

Zamites  alaskajin,  Lesquereux. 
LiyQUERRUx,  Proc.  U.  S.  Nat.  Mus.,  vol.  xi,  1888,  p.  32,  pi.  x,  fig.  10. 
Cape  Lisburn ;  H.  D.  Woolfe. 

Podozamiles  kUipennU,  Heer. 
LRAguEHBUx,  Proc.  U.  S.  Nat  Mus.,  vol.  xi,  1888,  p.  31,  pi.  xvi,  figs.  2,  3. 
Cai)e  Lisburn ;  H.  D.  Woolfe. 

ORAMINEjE 

PhragniHeB  alaskaiui,  Heer. 
Heeb,  FI.  Foss.  Alask.,  p.  24,  pi.  i,  fig.  12. 
Port  Graham ;  H.  Furuhjelra. 
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PoacUt'H  teime-Mriaius^  Heer. 

Hrcr,  Fl.  FosR.  Alask.,  p.  24,  pi.  i,  fig.  14;  Eichwalis  Geogno«t.-Pulre»ontolog.,  Bemerk,  u.  h»U-  r- 
MnngiscUliilc  und  AleuliRchen  Inseln  ;  Saint  Petersburg,  1871,  p.  IH,  pi.  iv,  fig.  7. 

Port  (traham ;  H.  Funihjelm.     Herendeen  bay ;  Charles  II.  Towusentl. 

CYPERACE.IS 

Carex  servata^  Heer. 
Hkeb,  Fl.  Fo88.  AlMk.,  p.  24,  pi.  i,  figs.  13, 13  e,  d. 
Port  Graham ;  H.  Furuhjelm.     Herendeen  bay  ;  Charles  H.  Townsend. 

CXtrejc  (leaves  of). 
Lkbqukreux,  Proc.  U.  8.  Nat.  Mus.,  vol.  x,  1887,  p.  ^u 

Sitka ;  E.  W.  Nelson  (?). 

It  is  possible  that  this  may  l)e  the  C.  ftenrUa  of  Heer,  but  as  it  is  neither  iv^iw 
nor  de8cril)ed  I  have  retained  it  as  prol>ably  separate.    ^ 

ALISMACE^ 

ScigUiaria  palcheUii^  Heer. 
Hr.KR,  Fl.  Fos8.  Ala.sk..  p.  25,  pi.  i.  fig.  15. 
Neniltschik ;  H.  Furuhjelm. 

SfiffUhiriay  species. 
Lksquebkux,  Proo.  U.  S.  Nat.  Muh.,  vol.  x,  1887,  p.  37. 
Sitka;  E.  W.  Nelson  (?). 

IRIDACEJE 

Irites  aloHkana,  Lesquereu.v. 
LmouRHEUx,  Proc.  U.  8.  Nnt.  Mus.,  vol.  x,  1887,  p.  36. 
Ca^H?  Lisbnrn ;  11.  D.  Woolfe. 

SALICACE^E 

Popidm  latiory  Heer. 
UcEH,  Fl.  FoBn.  Ala»k.,  p.  2.\  pi.  ii,  fig.  4. 
Port  Graham  ;  H.  Furuhjelm. 

Pifptdus  glanihUifera^  Al.  Braun. 
Hkeb,  Fl.  Foss.  Alask.,  p.  26,  pi.  ii,  figs.  1,  2. 
Port  Graham ;  H.  Furuhjelm. 

PopuJus  balmmoides,  Giippert. 
Heer,  Fl.  Fohh.  Alosk.,  p.  26,  pi.  ii,  fig.  3. 
Populus  exima,  G^Vppert,  Tert.  fl.  v.  SehossnitE,  p.  2i\;  Abhandl.  Schles.,  Ge.soll.,  18CI,  p.  203. 

Port  Graham;  H.  Furuhjelm.     Kutznahoo,  near  Sitka;   Lieutenant  von  I^>r- 
oshin. 

Pop\dxi8  zaddachij  Heer. 
Heer.  Fl.  Fosh.  Ala.sk.,  p.  2G,  pi.  ii,  fig.  5a. 

Port  Graham  ;  H.  Furuhjelm. 

Popidns  lencophyUa^  Tinker. 
Heer,  Fl.  Foss.  Alask.,  p.  2(i.  pi.  ii,  fig.  6. 
Poptdus  acerifolin^  Nkwby.,  Lat«r  extinct  Floras  of  North  America,  p.  65. 

Reported  by  Heer,  but  no  locality  j^iven  for  Alaska. 
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P(fpulus  ardica,  Ileer. 
I^eKiUBRKOx,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  447,  pi.  ix,  fl^.  2. 
Chignikbay;  Dr  W.  H.  DalL 

Papultis  richardsoni,  Heer. 
I^ESQUKSEUX,  Proc.  U  S.  Nat.  Mus.,  yol.  v,  1882  (1883),  p.  441,  pi.  ix,  fig.  1. 

Chlgnik  bay ;  Dr  W.  IL  DalL 

Salix  variana,  Goppert. 

IIkkr,  pi.  Foss.  AloNk.,  p.  27,  pi.  ii,  fig.  8:  iii,  figs.  1-3. 

Oopi'BBT,  Tert  fl.  v.  Schlossnitz.  p.  2«;  Abhandl.  Schles.,  Gesell.,  1861,  p.  205. 

Port  Graham  and  Neniltschik ;  H.  Furuhjelm. 

Snlix  macrophyllat  Heer. 
IIerb,  FI.  Foss.  Alask.,  p.  27,  pi.  xi,  fig.  9;  Eichwald.  Geognost-PnliBontolog.,  Bemerk.  0.  Hftlbinsel 
Mangischlak  und  Aleutischen  Inseln ;  Saint  Petersburg,  1871,  p.  113,  pi.  iv,  fig.  A. 

Port  Graham ;  IL  Furuhjelm. 

Salic  lavaterif  Heer. 
IT  ERR,  Fl.  Foss.  Alask.,  p.  27,  pi.  ii,  fig.  10. 
Port  Graham ;  H.  Furuhjelm. 

Salix  rxanay  Heer. 

Lri»<iur»xux,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (188.3),  p.  447,  pi.  vm,  fig.  6. 

Cook  inlet;  Dr  W.  H.  Dall. 

Salix  Integra  J  Guppert. 

GOppert,  Abhancil.  Schles.  Gosoll.,  1861,  p.  202 ;  ibid.,  18C7,  p.  50. 

Neniltschik ;  Lieutenant  von  Doroshin. 

Salix  minvUa,  Knowlton. 
Knowlton,  Proc.  U.  S.  Nat.  Mu-*.,  vol.  xvn,  1894,  p.  218,  pi.  ix,  fig.  1. 

Herendeen  bay;  Mr  Charles  H.  Townsend,  of  the  United  States  Fish  Commis- 
sion steamer  Alhatrom. 

CUPULIFERJE 

.  FagiiB  anlipofiif  Heer. 
Herb,  Fl.  Foss.  Alask.,  p.  30,  pi.  v,  fig.  4a;  vii,  fig.<4.  4-S  ;  viii,  fig.  1. 
Port  Graham ;  H.  Furuhjelm. 

Fagiui  macrophyllaf  Unger. 
IIekr.  Fl.  Foss.  Alask.,  p.  31,  pi.  viii,  fig.  2. 
Port  Graham ;  H.  Furuhjelm. 

■^  Fagtis  ferajiiiej  Unger. 

Hbkb,  F1.  Foss.  Alask.,  p.  31,  pi.  vi,  fig.  9. 
Port  Graham ;  H.  Furuhjelm. 

Fagus  deu^alionis,  Unger. 

Lriqukrkdx,  Proc.  U.  S.  Nat  Mua.,  vol.  v,  1882.  p.  447  (1883). 

Kachemak  bay,  Cook  inlet ;  Dr  William  II.  Dall. 

Castanea  ungeriy  Heer. 
HcEB,  Fl.  Fms.  Alask.,  p.  32,  pi.  vii,  figs.  1-3. 
Port  Graham ;  H.  Furuhjelm.     Keku  island,  Indian  archipelago  (?) 
LXXXI— Bur.!..  Grol.  Soc.  Am.,  Vol.  4,  1892. 
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Quercus  j}HeiidiK*(i^anca,  (iop|x»rt. 
Hkkr,  FI.  Foss.  Mask.,  p.  82,  pi.  vi,  fig».  .1-6. 

Port  Graham  ;  H.  Furuhjelm. 

QiuTCiig  funihjelmif  Heer. 
Hkr,  Fl.  Fo8«.  Alask.,  p.  :W,  pi.  v,  fig.  10;  vi,  figa.  1,  2. 
Port  Graham  ;  H.  Furuhjehn. 

Quercwt  jjandurata,  Heer. 
Hker,  Ft.  Fo»8.  Alask.,  p.  ai,  pi.  vt,  fig.  6. 
Port  Graham ;  H.  Furuhjelm. 

Quercus  clmmimmis,  Heer. 
Hkeb,  Fl.  Fosfi.  Alat«k  ,  p.  'Si^  pi.  vi,  figs.  7,  H. 
Port  Graham ;  H.  Furuhjehn. 

Quercus  dallii^  Lesquereux. 
LEflguEHBUX,  Proo.  U.  S.  Nnt.  Muj*.,  vol.  v,  1882  (188.3),  p.  440,  pi.  vin,  figs.  2-5;  Cret.  and  T«Tt.  Fiicw 
p.  259. 

Cook  inlet ;  Dr  William  H.  Dall. 

^  Corylus  mncquarrii  (Forbes),  Heer. 
Heer,  Fl.  Fow.  AInsk.,  p.  20,  fil.  iii,  fig.  9,  iv,  figs.  I-.*),  9 ;  EintwALD,  Gcogno.«t.-Pala?ontolog..  I^n  .  rk 
0  Halbinnel  MtingiHchUk   und   Aiciitieclien    In»«»ln;  Saint  Poler.«4hurg,  ICTl,  p.  113.  f.  .< 
fig.  6;  Knowltdn,  Iroo.  U.  S.  Nut.  Mu.*«.,  vol.  xvii,  1894,  pi.  ix,  fig.  4. 

Port  Graham  and  Neniltschik ;  11.  Furuhjehn.  Kuiu  island  near  Sitka;  Li«v 
tenant  von  Doroshin.  UngaiHlaiid ;  Dr  William  H.  Dall.  Herendeen  Ijay ;  Cliarl*^ 
H.  Townsend. 

Confhis  macquaTTii  var.  macrophiiUa,  Hc»er. 

Hkkr,  Fl.  Fosft.  AliiHk.,  p. ;«),  pi.  iv,  figs.  (5,  7. 

Port  Graham  ;  H.  Furuhjelm. 

CXirjHiniA  grandls,  Unger. 
Hkkr,  FI.  Fo.«»s.  Ala«k.,  p.  29,  pi.  ii,  fig.  12;  LKWiUKRKux,  Proo.  U.  S.  Nat.  Mus.,  vol.  v,  18«2  (1««\,  p  4*^ 
Kachemak  l)ay,  CJook  inlet ;  Dr  William  IT.  Dall.     Port  Graham ;  H.  Furuhjehn 

Almm  kefersteiuii  (Goppert),  Unjj:er. 
Heer,  Fl.  Foss.  Alask.,  p.  28,  pi.  iii,  figs.  7.  8. 
Neniltschik;  H.  Furuhjelm. 

Abiiis  keferHteinii  (Goppert),  var. 
Heer,  Fl.  Foss.  Alask.,  p.  28,  pi.  v,  fig.  9. 
Port  Graham  (?) ;  H.  Furuhjelm. 

Alniut  aJmkana^  Newl)erry. 
Nkwukrry,  Proc.  U.  S.  Nat.  Miis.,  vol.  v,  1882  (188.3),  p.  509;  Plates,  pi.  xr.viii,  fig.  «. 

Kootzahoo  archiix'lajro  (latitude  57°  \W,  longitude  \M°  lO^);  U.  S.  steamer Ni;/'- 
rt'ur  (February  IH,  1809). 

AlmiA  grnndifoliay  Newberry. 
Nr.wuRRRV.  Proc.  U.  8.  Nat.  Mus.,  vol.  v,  1882  (188.3),  p.  5(i9. 

Cook  inlet ;  Captain  Howard,  U.  8.  Navy. 
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Alnua  corylifolia,  Lesqaereux. 
I^  ACHiiUEBEUx,  Proc.  U.  S.  NaU  Mu9.,  vol.  V,  1882  ( 188:5),  p.  44G,  pi.  vii,  ftR8. 1-4  ;   Cret  and  Tert.  Flora, 
p.  258. 

Kachemak  bay,  Cook  inlet;  Dr  William  H.Dall. 

Alnus  rubraj  Bongard. 

^V  branch  of  this  species  found  protniding  from  a  gravel  bank  beneath  an  ice- 
s^licHjt  70  feet  in  thickness,  on  tlie  eastern  moraine  of  Muir  glacier.  Collected  by 
^liss  Eliza  R.  Scidinore,  of  Washington,  D.  C. 

Betula  priaca,  Ettingshausen. 
II KKR,  Fl.  Fobs.  Alaak.,  p.  28,  pi.  v,  figs.  3-6. 

Port  Graham  and  Neniltschik ;  H.  Furuhjelm. 

BdiUa  grandifoliaf  Ettingshausen. 
irsBR,  Fl.  Foas.  Alask.,  p.  2»,  pi.  v,  fig.  8. 

Port  Graham ;  H.  Furuhjelm. 

Beiula  alaskanaf  Lesquereux. 
LiESQUS&Bux,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  446,  pi.  vi.  fig.  14;  Cret.  and  Tert.  Flora,  p.  258. 

Chignik  bay,  Alaska  peninsula ;  Dr  William  H.  Dall. 

MYRICACE.E 

Myrica  banksixfolia,  linger. 
IIekb,  FI.  Fojts.  Alask.,  p.  28,  pi.  ii,  fig.  11. 
Port  Graham ;  H.  Furuhjelm. 

Myrica  (Cbmptonia)  cuspidata  (Lesquereux),  Dawson. 
Ckftnptonia  auspidata,  LsaQUXSKUX,  Proc.  U.  S.  Nat.  Mas.,  vol.  v,  1882  (1883),  p.  445,  pi.  vi,  figs.  10-12 ; 

Cret.  and  Tert.  Flora,  p.  258. 
yfyriea  (Comptonia)  euspidata  (Lksquerkux),  Dawson,  Trans.  Roy.  Soc.  Canada,  1890,  p.  80,  fig.  0. 

Coal  harbor,  Unga  island ;  Dr  W.  H.  Dall. 

Myrica  {Comptonia}  prsemiimi^  Lesquereux,  sp. 
Comptonia  prcemma^  Lrsquereux,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882,  p.  445,  pi.  vi,  fig.  13. 
Coal  harbor,  Unga  island ;  Dr  W.  IL  Dall. 

Myrica  rimlobom  imif  (EttingshauHcn),  II(jt»r. 
11  KKu,  Fl.  Foss.  Alafkk.,  p.  27,  pi.  iii,  figs.  4,  5. 

Xcniltschik ;  IL  Furuhjelm. 

JfJGLANDACE.E 

Jnglaiut  acuminata^  Al.  Braun. 
liBKB,  Fl.  Fobs.  Alask.,  p.  38,  pi.  ix,  fig.  1. 
Port  Graham ;  IL  Furuhjelm. 

Juglarui  niyeUa,  Heer. 
lIsEB,  Fl.  Fobs.  Alask.,  p.  38,  pi.  ix,  figs.  2-4. 
Port  Graham ;  H.  Furuhjelm. 

JugUim  picroiileJSf  I  leer. 
IIreb,  Fl.  Foss.  Alask.,  p.  39,  pi.  ix,  fig.  5. 
Port  Graham ;  H.  Furuhjelm. 
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Juglans  woodiana,  Heer. 
Lrsquebkux,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  449. 
Chignik  Day ;  Dr  W.  H.  Dall. 

Juglans  towmendl,  Knowlton. 
Knowlton,  Proc.  U.  S.  Nat.  Mus.,  vol.  xvii,  1894,  p.  222,  pi.  ix,  fig.  5. 
Herendeen  bay ;  Charles  H.  Townsend. 

UETICACE.E 
Ficus  alaskana,  Newberry. 
NuWBBRBT,  Proc.  U.  S.  Nat.  Mus  ,  vol.  v,  1882  (1883),  p.  612;  Plates,  pi.  lii,  fig.  1 :  lv,  figs.  1,  2. 

Cook  inlet  and  Admiralty  inlet ;  Captain  Howard,  United  States  Navy. 

FicvL8  membranaceaf  Newberry. 
Nkwbkrey,  Proc.  U.  8.  Nat.  Mus.,  vol.  v,  1882  (1883).  p.  512;  Plates,  pi.  lix,  fig.  2. 

Cook  inlet ;  Captain  Howard,  United  States  Navy. 

PUmera  Ihigeri^  Ettingshausen. 
Hkeb,  F1.  Foss.  Alaiik.,  p.  34,  pi.  v,  fig.  2. 
Port  Graham  ;  H.  Furuhjelm. 

Ulmus  plurlnervia,  Unger. 
Uker,  FI.  Fohs.  Alaak.,  p.  34,  pi.  v,  fig.  1. 
Port  Graham ;  H.  Furuhjelm. 

Vlmus  sarbifolia,  GtJppert. 
Lmqukmux,  Proc.  U.  8.  Nat.  Mus.,  vol.  v.  1832  (1883).  p.  447,  pi.  ix.  fig.  3;  Cret.  aodTert.  Flora,  p-  »«>. 
Kachemak  bay,  Cook  inlet ;  Dr  William  H.  Dall. 

EBENACE.E 
Diospyros  stenoaepala,  Heer. 
Heeb,  FI.  Foss.  a  task.,  p.  35,  pi.  viii,  figs.  7,  8. 
Neniltschik ;  H.  Furuhjelm. 

Diospjtroif  al/mkamif  Schimper. 

DiospyroB  aUukana,  Bckimper,  Traits  d.  Pal.  V6g.,  vol.  u,  p.  045. 

Diospyroa  laneifoUa^  Lrsqukrkux,  iu  Heer,  FI.  Fosa.  AluMk.,  p.  ;J5,  pi.  ui,  fig.  12. 

Nenilt«chik;  H.  Furuhjelm. 

Dioftpyros  ancepSy  Heer. 
LrsQUKBEux,  Proc.  U.  S.  Nat.  Muh.,  vol.  v,  1882  (1883),  p.  448,  pi.  x,  figs,  i,  2;  Cret.  and  Tert.  Ftom, 
p.  261. 

Cook  inlet;  Dr  William  H.  Dall. 

OLE  ACE  Ji 
Fraximis  heretuleenerisis,  Knowlton. 
Knowlton,  Proc.  U.  8.  Nat.  Mus.,  vol.  xvii,  1894,  p.  224,  pi.  ix,  fig.  7. 
Herendeen  bay ;  Charles  H.  Townsend. 

ERICACEAE 
Andromeda  grayana^  Heer. 
Hker,  FI.  Fo88.  Alask.,  p.  34,  pi.  viii,  fig.  5. 
Port  Graham ;  H.  Furuhjelm. 
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Vaccinium  frksiif  Heer. 

EIEEJ^  Fl.  Fos8.  Alask.,  p  35,  pi.  viir,  Ak-  4. 

Port  Graham ;  H.  Furuhjelm. 

Vaccinium  reticulatumj  AL  Braun. 

LMQurREux,  Proc.  U.  8.  Nat.  Mas.,  vol.  v.  1882  (1883),  p,  448,  pi.  x,  figs.  3-5;  Cret.  and  Tert  Flora, 
p.  261. 

Cook  inlet;  Dr  William  H.  Dall. 

CAPRIFOLJACE^ 

laburnum  nordenakidldif  Heer. 
Hkkk,  Fl.  Foss.  Alask.,  p.  36,  pi.  iii,  fig.  13. 
Xeniltschik;  H.  Furuhjelm. 

COBNACEJE 

Nj/ssaardica  (?),  Heer. 
l^ESQUEKKvx,  Proc.  U.  8.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  447 ;  Cret.  and  Tert.  Flora,  p.  261. 
Unga  island ;  Dr  William  H.  Dall. 

Comtis  orbifera,  Heer. 
I^KSQVEttEvx,  Proc.  U.  S.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  448,  pi.  x,  fig.  6;  Cret.  and  Tert.  Flora,  p.  262, 

Cook  inlet;  Dr  William  H.  Dall. 

ABALIACE^ 

Hedera  auriculatay  Heer. 
Hfeb,  Fl.  Foas.  Alask.,  p.  36,  pi.  ix,  fig.  6. 
Port  Graham ;  H.  Furuhjelm. 

ON  A  GRACES 

Trapa  borealis,  Heer. 
Hekb,  Fl.  Foss.  Alask.,  p.  38,  pi.  viii,  figs.  9-14. 
Port  Graham ;  H.  Furuhjelm. 

HA  MAMELIDA  CEJE 
Li(pd(Uirnhar  europscum,  Al.  Braun. 

Hr.EK.  Fl.  Foss.  Ahtsk.,  p.  25,  pi.  ii,  fig.  7. 

Port  Graham ;  H.  Furuhjelm. 

ROSACE.^ 
Spinea  andersonij  Heer. 

Hkek,  Fl.  Fotis.  Alask.,  p.  30,  pi.  viii,  fig.  3. 

Port  Graham ;  H.  Furuhjelm. 

PnvnvA  variabilis^  Newberry. 
Nc^'BESRY,  Proc.  U.  S.  Nat.  Mus..  vol.  v,  1882  (1883),  p.  509 ;  Plates,  pi.  lii,  figs.  3-5. 

Cook  inlet ;  Captain  Howard,  United  States  Navy. 

SAPINDACEjE 
Acer  Tnacropterum,^lieer. 

Hker*  Fl.  Foss.  Altusk.,  p.  37,  pi.  ix,  figs.  7-9. 

Port  Graliam ;  H.  Furuhjelm. 
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Acer  irilobatum  productum  (Al.  B.),  Heer. 
Knowlton,  Proc.  U.  8.  Nat.  Mu«..  vol.  xvii,  1894,  p.  227,  pi.  ix,  fig.  3. 

Herendeen  bay ;  Charles  H.  Townsend. 

ANACARDIACB^ 
Rhtuifrigidit,  Knowlton. 

Kkowlton,  Proc.  U.  S.  Nat.  Mus.,  vol.  xvii,  1891,  p.  227,  pi.  ix,  fig.  6. 

Herendeen  bay ;  Charles  H.  Townsend. 

VITACEjE 

Vitis  crenataf  Heer. 
Hkke,  FI.  Foss.  Alask.,  p.  36,  pi.  viii,  fig.  6. 

Port  Graham ;  Funihjelm. 

VUia  rotundifolia,  Newberry. 
Newbebby,  Proc.  U.  8.  Nat.  Mus.,  vol.  v,  1882  (H83),  p.  613 ;  Plates,  pi.  li.  fig.  2:  lii,  fig.  ». 

Almiralty  inlet ;  Captain  Howard,  United  States  Navy. 

CELASTRACE.S 

Elseodendron  Jusiveiicum,  Heer. 
Lesqukbeux.  Proc.  U.  8.  Nat.  Mus.,  vol.  v,  1882  (1883),  p.  449,  pi.  xx,  fig.  4 ;  Cret.  and  Tort.  Flora,  p.  363 

Coal  Harbor,  Unga  island  ;  Dr  William  H.  Dall. 

CelcuUnis  horealisy  Heer. 
Heeb,  FI.  Fo.S8.  Alask.,  p.  37.  pi.  x,  fig.  4. 

Port  Graham ;  H.  Funihjelm. 

ILICINEjE 

Hex  insi^is,  Heer. 
HxEB,  Fl.  Fo8».  Alask.,  p.  37,  pi.  x,  fig.  1. 

Port  Graham ;  H.  Furuhjelm. 

BHAMNACE^ 

Znyphus  tmvnsendif  Knowlton. 
Knowlton,  Proc.  U.  S.  Nat.  .Mus.,  vol.  xvii,  1894,  p.  229,  pi.  ix,  figs.  8,  9. 
Herendeen  bay ;  Charles  H.  Townsend  (for  whom  the  species  is  named). 

Paliurtu<  cnhmhi,  Heer. 
Knowltok,  Proc.  U.  8.  Nat.  Mus.,  vol.  xvii,  1894.  p.  2:J0,  pi.  ix,  fig.  2. 
Herendeen  bay  ;  Charles  II.  Townsend. 

TILIACE.^ 

Tilia  alaskana,  Heer. 
Heeb,  Fl.  Fobs.  Alask.,  p.  36.  pi.  x,  figs.  2,  3. 
Port  Graham  ;  H.  Furuhjelm. 

MAGNOLIACE^ 

MatpioUa  nordetiski'dldi,  Heer. 

Lesquebeux,  Proc.  U.  8.  Nat.  Mus.,  vol.  v.  1882  (188:J),  p.  448,  pi.  x,  figs.  7-9;  and  Cret  Tert.  Flora, 
p.  262. 

Chignik  bay ;  Dr  W.  H.  Dall. 
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PItyUites  arctica,  Knowlton. 
KwowLTOif,  Proc.  U.  S.  Nat.  Mus.,  vol.  xvii,  1894,  p.  230,  pi.  ix,  figs.  10, 11. 

Herendeen  bay ;  Charles  H.  Townsend. 

Discussion  of  the  Flora. 

The  fossil  flora  of  Alaska  as  presented  in  this  paper  embraces  115  forms.  Of  this 
number,  one  is  regarded  as  extra-limital  and  three  are  interglacial,  being  found  also 
living  about  Muir  glacier.  Of  the  111  forms  remaining,  no  less  than  40  are  peculiar 
to  Alaska,  leaving  C>4  forms  having  an  outside  distribution.  On  removing  the  nine 
pj^ecies  found  at  cape  Lisburn  about  which  there  is  little  question  of  age,  we  have 
remaining  only  55  species,  or  a  little  less  than  fifty  per  cent,  from  which  to  deter- 
mine the  bearing  of  the  plants  on  the  question  of  age. 

An  examination  of  the  distribution  gives  the  following  numerical  results:  The 
Laramie  has  three  species,  of  which  one  is  doubtful;  the  post-Laramie  beds  of  Col- 
orado have  10  species ;  the  Livingston  beds  of  Montana  six  8i)eciefl ;  the  Fort  Union 
beds  10  species,  of  which  one  is  doubtful;  the  Green  river  group  nine  species,  of 
which  three  are  in  doubt ;  the  Mackenzie  river  deposits  11  species ;  British  Colum- 
bia has  seven  species  in  the  Miocene  and  four  in  the  Laramie,  with  two  common  to 
both ;  California,  represented  by  the  auriferous  gravels  and  allied  fonnations,  has 
17  8i)ecies,  of  which  three  are  in  doubt;  the  Eocene  (Alum  bay,  etc)  six  species ; 
the  Greenland  Miocene,  as  represented  at  Disco  island,  Atanekerdluk,  etc,  has  29 
species ;  the  Miocene  of  Spitzbergen  20  species ;  the  island  of  Sachalin  (vSiberia)  23 
species ;  Sinigalia  (Italy)  12  species ;  the  so-called  Baltic  Miocene  13  species ;  CEnin- 
gen  20  species ;  Oligocene  11  species ;  Miocene  33  species ;  Pliocene  15  species. 

By  combining  a  number  of  the  above  localities  which  may  be  legitimately  taken 
together,  still  more  impressive  results  are  obtained.  Thus,  by  combining  the  post- 
T^ramie  beds  of  Colorado  with  the  Livingston  beds  of  Montana,  13  species  are 
found  to  be  common  to  Alaska.  The  union  of  thc^  Mackenzie  river  and  Fort 
Union  deposits  gives  21  species  common  to  Alaska,  while  Greenland,  Spitzbergen, 
and  Sachalin  have  no  less  than  39  species  out  of  the  55  sjiecies  from  Alaska.  This 
last  result  shows,  if  any  dependence  is  to  be  placed  on  fossil  plants,  that  the  floras 
of  Alaska,  Greenland,  Spitzbergen  and  the  island  of  Sachalin  are  so  closely  re- 
lated as  to  lead  to  the  unavoidable  conclusion  tliat  they  grew  under  similar  condi- 
tions and  were  synchronously  deposited.  The  localities  enumerated  show  that 
the  circumpolar  flora  at  that  time  was  practically  similar  and  continuous. 

The  coal-bearing  beds  of  southeastern  Alaska,  to  which  Dall  has  given  the  name 
Kenai  group,  are  perhaps  best  exhibited  on  the  shores  of  Kachekmak  bay,  Kenai 
peninsula,  and  Cook  inlet.  They  appear,  however,  to  be  widely  spread  over  Brit- 
ish Columbia  and  over  the  coast  of  Alaska  and  its  neighboring  islands.  Accord- 
ing to  Dall  *  the  sequence  of  the  rocks,  when  undisturbed,  api^ears  to  be,  in  de- 
scending onler,  as  follows : 

1-  Soil  and  Pleistocene  beds. 

2.  Brown  Miocene  snndHtone,  with  marine  shelln,  cetacean  bones  and  water-worn  teredo-bored 
fo<*8il  wood.    (Astoria  gronp,  Niiiato  Randstones,  Crepiduta  bod.) 

3.  Beds  of  conglomerate,  brown  and  iron-stained,  alternating  with  gravelly  and  sandy  layers,  the 
finer  iieds  containing  fossil  leaves  of  Sequoia  and  other  vegetable  remains.  (Kenai  group,  Unga 
beds.) 

♦  Bull.  U.  8.  Geol.  Survey,  no.  84, 1892.  pp.  232-233. 
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4.  BlniHh  sancjy  slates  ftnd  «hnles  with  a  rich  Miocene  plant  flora,  interatratifiod  with  *k*«1s  *»?  'i- 
darated  gravel,  fossil  wood  and  lignilic  coal.    (Kenai  group.) 

5.  Metamorphic  qtiartzites  and  slaty  rocks,  illustrating  tlie  geologic  series  prohAhly  from  in- 
Jurassic  to  the  upper  Cretaceous,  with  perhaps  part  of  the  lower  Eocene.    (Chico-Tejoii. ) 

6.  Granite  and  syenite  in  massive  beds,  usually  without  mica  and  apparently  in  most  in**t.iL«''^- 
forming  the  *' backbone"  of  the  mountain  ridges  or  islands,  but  occasionally  occurring  in  inira- 
sive  masses.    (Bhumagin  granite.) 

The  geologic  age  of  these  coal-bearing  rocks,  from  which  most  of  the  plant- 
enumerated  in  this  paper  came,  has  usually  been  regarded  as  Miocene.  IIe*^r, 
who  worked  up  the  first  considerable  collection  of  plants,  referred  them  unhf?'i- 
tatingly  to  this  horizon,  and  regarded  them  as  the  equivalent  of  the  Miocene  Ih^I^ 
of  Greenland,  Spitzbergen,  the  Braunkohl  of  eastern  Prussia  and  the  lower  M/>- 
lasse  of  Switzerland.  Lesquereux  and  (at  first)  Newberry  do  not  appear  to  haw 
seriously  questioned  their  Miocene  age.  Of  the  73  species  enumerated  by  Lesqu*- 
reux  in  his  latest  publication  on  Alaskan  plants,  21  are  found  in  Greenlaml  an«i 
Spitzbergen  and  31  in  the  Miocene  of  other  parts  of  the  world.  These  ooiiHidera- 
tions  show  that  the  fossil  flora  of  Alaska  is  inseparably  connected  with  that  of  tlu' 
Disco  island  and  Atanekerdluk  beds  of  Greenland  and  the  so-called  arctic  MicKvao 
of  Spitzbergen  and  Sachalin.  Whatever  is  decided  concerning  them  must  apply 
with  equal  force  to  Alaska. 

Mr  J.  Starkie  Grardner  appears  to  have  been  the  first  to  question  the  Micxvne 
age  of  the  Greenland  beds,*  or  rather  of  the  Arctic  floras  in  general.  The  .se<pi*»n<^' 
of  British  Eocene  floras  is  almost  unbroken,  and  in  studying  them  and  their  rela- 
tions to  the  Miocene  flora  he  was  led  to  important  conclusions.    He  says : 

There  is  no  great  break  in  passing  from  one  to  the  other  (Eocene  to  Miocene)  when  we  compur»- 
them  over  many  latitudes,  and  but  little  change  beyond  that  brought  .ibout  by  altered  temp*^r.»- 
ture  or  migration.  But  if  Tertiary  floras  of  different  ages  are  met  wilh  in  one  area,  great  ch&Dgi  v 
on  the  contrary,  are  seen,  and  these  are  mainly  due  to  progressive  modifications  in  climate  and  ei* 
altered  distribution  of  land.  Imperceptibly,  too,  the  tropical  members  of  the  flora  disapp<>arvj ; 
that  is  to  say,  they  migrated ;  for  most  of  their  types,  I  think,  actually  survive  at  the  pre.iieDt  -lay, 
many  but  slightly  altered.  Then  the  subtropical  member.'*  decreased,  and  the  tern p*» rate  form*, 
never  quite  absent  even  in  the  middle  Eocenes,  preponderat<'d.  .\s  decreasing  t«mperaiur*»  drov*' 
the  tropical  forms  south,  the  more  northern  must  liave  pressed  more  closely  up  »n  them.  Tl»- 
northern  Eocene,  or  the  temperate  floras  of  that  period,  must  have  pushed,  from  their  home  in  the 
far  north,  more  and  more  south  as  climates  chilled,  and  at  last,  in  the  Miocene  time,  occupied  «Kjr 
latitudes.  The  relative  preponderance  of  these  elements,  I  >»elieve,  will  assist  in  det»?rmininp  th*- 
age  of  Tertiary  deposits  in  Europe  more  than  any  minute  comparisons  of  species.  Thus  it  i»  u«m^ 
less  to  seek  in  the  Arctic  regions  for  Eocene  floras  as  we  know  them  in  our  latitudes,  for  duriuir 
the  Tertiary  period  the  climatic  conditions  of  the  earth  did  not  permit  their  growth  there.  Arciic 
floras  of  temperate,  and  therefore  Miocene,  aspect  are  in  all  probability  of  Eocene  age,  and  what 
has  been  recognized  as  a  newer  or  Miocene  facies  is  due  to  their  having  been  first  studied  in 
Europe  in  latitudes  which  only  became  fitted  for  them  in  Miocene  times. 

Tliis  change  of  view  as  to  the  age  of  the  so-called  Arctic  Miocene,  as  pn>pose<l 
by  Gardner,  has  already  received  considerable  confirmation  from  American  pale<>- 
botanists,  and  while  it  can  hardly  be  regarded  as  settled,  it  may  be  accepted  a? 
extremely  probable. 

Dr  J.  S.  Newl)erry,  in  one  of  his  latest  publications,  said :  f 

I  called  the  Fort  Union  group  Miocene  because  I  identified  it  with  the  plant-^HParing  iieils  of 
Mackenzie  river,  Di.sco  island,  Greenland,  etc,  of  which  the  flora  had  been  studied  by  Professor 

•British  Eocene  flora,  part  i,  1879,  p.  8. 

t  Trans.  N.  Y.  Acad.  Sci.,  vol.  ix,  p.  1  of  reprint. 
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Oswald  Heer  and  waa  by  himoallod  Miocrne.  This  flora,  to  which  I  shall  again  refer,  has  since 
l»eei)  shown  by  Mr  J.  Starkie  Gardner  to  be  Eocene.  The  Fort  Union  flora  h:is  many  species  in 
common  with  tiie  Eocene  beds  of  the  island  of  Mull,  Bourenemouth,  etc,  and  holdn  undoubtedly 
the  »ame  position. 

On  this  same  point  Sir  William  Dawson  says :  * 

1  have,  also,  while  writing  out  the  above  notes  for  publication,  receiyed  the  paper  of  the  same 
author  (Gardner)  on  the  JEk>ceue  beds  of  Ardtun,  in  Mull,  and  am  fully  confirmed  thereby  in  the 
opinion  derived  from  the  papers  of  the  Dulce  of  Argyll  and  the  late  Professor  E.  Forbes  that  the 
Mull  beds  very  closely  correspond  in  age  with  the  Laramie.  The  Felicites  ?iebridica  of  Forbes  is 
our  Oiioclea  tentibilu.  The  species  of  Oirufko^  Taxus,  Sequoia  and  Qhjptosirobus  correspond,  and  we 
liHve  now  probably  found  a  Pudocarpws,  as  noted  above.  The  Platanites  hebridlea  is  very  near  to  our 
^reitt  PtataauM  >  obili».  Curylua  nMcquarrii  is  common  to  both  formations,  as  well  as  Populus  arctiea 
and  JP.  riehartUoni^  while  many  of  the  other  exogens  are  generically  the  same,  and  very  closely 
alUe<L  These  Ardtun  beds  are  regarded  by  Mr  Gardner  as  lower  Eocene,  or  a  litnle  older  than  the 
Gelioden  series  of  Saporta,  and  nearly  of  the  same  age  with  the  so-called  Miocene  of  Atanekerdluk, 
in  Greenland.  Dr  G.  [M.]  Dawson  and  the  writer  have,  ever  since  1875,  maintained  the  lower  Eocene 
age  of  our  Laramie,  and  of  the  Fort  Union  group  of  the  northwestern  United  States,  and  the  iden- 
tity of  their  flora  with  that  of  Mackenzie  river  and  the  upper  beds  of  Greenland,  and  it  is  very  sat- 
isfactory to  And  that  Mr  Gardner  has  independently  arrived  at  similar  conclusions  with  respect  to 
the  £o<^ene  of  Great  Britain. 

Dr  Dall  is  rather  more  cautious  in  adopting  the  Eocene  age  of  these  beds.  He 
saysif 

I  have  already  pointed  out  the  probability  that,  if  Miocene  at  all,  the  leaf  beds  of  Greenland  re- 
ferred to  would  be  synchronous  with  that  geological  epoch  during  which  the  old  Miocene  warm- 
water  Invertebrate  fauna  of  the  Atlantic  coast  penetrated  as  far  north  as  New  Jersey. 

Since  that  time  it  is  highly  improbable  that  any  temperate  conditions  such  as  the  flora  would 
indicate  for  the  Atane  period,  have  obtained  in  the  latitude  of  Greenland.  In  other  words,  the 
Greenland  beds  are  not  later  than  the  old  Miocene,  though  this  does  not  preclude  a  reference  of 
them  to  an  older  horizon  than  the  Miocene,  for  during  the  Eocene  also  the  conditions  in  the  ex- 
treme north  might  have  been  favorable  to  such  a  flora. 

In  Alaska,  at  Cook  inlet,  at  Unga  island,  at  Ako,  and  at  Nulato,  in  the  Yukon  valley,  we  And  the 
leaf  beds  of  the  Konai  group  immediately  and  conformably  overlain  by  marine  beds  containing 
fussil  shells,  which  are  common  to  the  Miocene  of  Astoria,  Oregon,  and  to  middle  and  southern 
California. 

It  is  then  certain  that  the  Kenai  leaf  beds  immediately  preceded  and  their  deposition  terminated 
with  the  depression  (probably  moderate  in  vertical  range)  which  enabled  the  marine  Miocene 
fauna  to  spread  over  part  of  the  antecedently  dry  land.  Further  researches  along  the  Alaskan 
coast  will  doubtless  enable  us  to  determine  whether  the  leaf  beds  themselves  are  underlain  by 
marine  Eocene  beds  or  not.  We  know  that  the  Aucella  beds  underlie  the  Kenai  series,  but  whether 
there  are  any  beds  representing  the  marine  pha^e  of  the  Eocene  between  them  is  yet  uncertain, 
though  very  probable.    *    ♦    ♦ 

What  may  be  considered  as  reasonably  certain  is  that  the  period  during  which  in  the  arctic  re- 
gions the  last  temperate  flora  flourished  was  in  a  general  way  the  same  fur  all  parts  of  the  arciic. 
It  would  seem  highly  improbable  that  a  temperate  climate  should  exist  in  theSpitzbergen  and  not 
at  the  same  time  in  Greenland  and  Alaska,  or  vice  versa.  If  Alaska  was  covered  by  the  sea  at  this 
time,  we  should  find  a  temperate  marine  fauna;  if  it  was  dry  land,  a  temperate  flora;  and  so  with 
the  other  arctic  localities ;  and  these  indications  should,  it  would  seem,  represent  an  identical  and 
synchronic  pha.<)e  of  geologic  history  in  the  arctic  regions. 

The  distribution  and  character  of  this  group  have  been  somewhat  fully  eliscussed  because,  up  to 
very  recently,  authorities  were  practically  unanimous  in  referring  it  to  the  Miocene,  a  view  which 
.cannot  yet  be  said  to  be  definitely  refuted.  But  when  we  consider  how  the  Eocene  Astoria  bed  Is  im- 
mediately and  conformably  overlain  at  Astoria  by  shales  and  sandstones,  and  that  the  latter  con- 
formably  and  immediately  in  like  manner  overlies  the  Kenai  group,  it  must  be  conceded  that  the 
view  that  the  latter  is  probably  of  Eocene  age  dQCs  not  appear  unreasonable. 

*  Trans.  Roy.  Soc.  Canada,  1887,  p.  36. 
top.  cte.,  pp.  251-26t. 

LXXXn-Bui.i..  Gkol.  Soc.  Ax.,  Vol.  6,  18d3. 
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into  o])livion  amidst  the  restlesp  scientific  energy  of  the  succeeding  century.  F«<f 
more  tlian  fifty  years  America  was  far  behind  Europe  in  scientific  spirit  and  di;- 
covery,  and  it  is  now  worth  remiembering  that  many  of  the  localities  which  we  art- 
now  busy  in  investigating  were  appreciated  and  described  before  either  the  Maa-^r 
of  Freiberg  or  the  Founder  of  Uniformitarianism  had  begun  to  make  their  influemv 
felt. 

The  man  to  whom  we  owe  this  early  contribution  to  our  eastern  geolojnr  ^'*-^ 
Johann  David  Schoepf,  the  son  of  a  well-to-do  merchant  of  Wunsiedel  in  the  FKh- 
telgebirge.  He  was  bom  March  8,  1752  and  left  the  gymnasium  at  Hof  at  tlie  aix 
of  eighteen  to  pursue  the  study  of  medicine,  mineralogy  and  mining  at  the  Uni- 
versity of  Erlangen.  Here  the  influence  of  Hofrath  Schreber,  who  first  introJuitHl 
the  results  of  Li  nnjeus  into  Germany,  awakened  in  him  an  equal  interest  in  botany 
and  zoology.  His  father's  means  enabled  the  young  man  to  satisfy  his  longing  f^-r 
travel,  and  before  taking  his  doctor's  degree  at  Erlangen  in  1776,  he  had  vis«itt-il 
Berlin  and  made  an  extensive  tour  through  Bohemia,  Austria,  Italy  and  Switzer- 
land. After  finishing  his  studies  Schoepf  decided  on  a  voyage  to  India,  but  hi? 
activity  was  turned  into  another  channel  by  an  offer  of  a  position  as  surgeon  to  ow 
of  the  Bavarian  regiments  hired  by  England  to  suppress  the  rebellious  colonic*  in 
America.  In  this  capacity  he  reached  New  York  June  4, 1777,  where  he  reniaint-*! 
with  no  chance  to  e\'i)lore  the  surrounding  country  until  the  close  of  tlie  war. 
After  the  return  of  the  German  mercenaries  in  1783,  Schoepf  devoted  a  year  to 
travel  and  to  the  collection  of  material  which,  with  what  he  had  gathered  during 
the  six  years  of  his  service  as  surgeon,  was  sufficient  to  occupy  his  attention  until 
his  death  in  1800.  He  visited  New  Jersey,  Philadelphia,  the  Gennan  settlements 
near  Bethlehem  and  the  remoter  parts  of  Pennsylvania.  He  also  crossed  into 
Maryland  and  stopi^ed  at  Baltimore,  Annapolis  and  Wilmington  before  his  return 
to  Philadelphia  in  October,  1783.  The  following  month  he  entered  upon  a  still 
more  extensive  journey  through  Virginia,  the  Oarolinas  and  Florida.  He  sin-iit 
January  1784  in  Charleston  and  some  weeks  at  Saint  Johns  and  Saint  Augustim*. 
Thence  he  crossed  to  the  Bahamas  and  arrived  in  London  July  30, 17&4.  Englaml 
and  France  were  then  slowly  traversed  and  Bayreuth  reached  the  following  Octol»er. 

Although  his  quiet  was  interrui)ti^d  by  an  occasional  journey,  Schoepf  devote*! 
mo.st  of  hi.s  remaining  years  to  the  elaboration  and  publication  of  h\i^  Hcientili*' 
data  relative  to  ea.stern  North  America. 

His  interest**  were  broad  and  his  material  was  varied  and  new.  He  wniteon 
medicine,  climatology,  zoology,  mineralogy  and  geology,  besides  interesting  dt^pcrij*- 
tions  of  nuinnei-H,  life  and  j>olitics  in  the  newly  established  states.  His  work  on 
the  Climate  and  Diseases  of  North  America  was  translated  by  James  Reed  Owl- 
wick.*  His  most  elaborate  work  appeared  in  I^tin  ViS  the  ^*Hi^oria  TettucUnnm," 
with  many  beautiful  colored  plates,  and  remained  unfinished  at  tlie  time  of  hii' 
death.  The  fishes,  frogs  and  jellyfishes  of  American  waters  were  also  made  the 
subjects  of  separate  memoirs.  His  best  known  work  is  his  ^^Reine  durch  eini^r  dcr 
mittlern  und  /udLkh4!n  vereimglen  Nordamerikanischni  Siaateny  nach  (M  Florida  nnd 
den  Bnlvama  Imeln,^^  in  two  volumes,  1788.  In  this  he  discusses  climate,  sea  cur- 
rents, sea  fauna  and  many  questions  of  a  social  and  political  character,  esijeeially 
the  i)lanter  barons  of  the  south  and  their  relation  to  slavery.  He  was  perhaps  the 
first  to  clearly  formulate  Dove's  law  of  the  winds.  He  also  tells  many  good  stories 
and  incidents  which  graphit%lly  portray  the  general  status  of  the  remoter  parts<  df 
the  country  and  the  difficulties  of  travel  in  these  times. 

•Boston,  1825. 
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The  work  of  Schoepf  which  is  of  the  most  interest  to  geologists  is  the  ^'Beytrdge 
znr  MineraloffMien  Kenntnmdes  (Mlchen  TheUsvon  Nordamerika  undsetiier  Geburge"* 
l>escriptions  of  eastern  North  America,  containing  more  or  less  reference  to  its 
^<.H>logy  and  physical  geography,  had  before  been  published  by  M.  Catesby,t  Steph. 
Cf  U€*ttard,t  Lewis  Evans,?  aiid  Peter  Kalm,||  but  none  of  these  equal  for  exactness  or 
st^-ientific  spirit  the  work  of  Schoepf.  In  his  dedication  of  it  to  Hofrath  Schreber 
he  says :  "As  I  left  Europe  in  1777  you  gave  me  the  commission  *  to  investigate  the 
jirniiigement  of  soil  and  rock  l^eds  in  America  and  to  discover  to  what  extent  the 
w^c|iience  established  by  von  Chain  and  Ferber  for  Europe  held  good  also  for  the 
New  World.' "  These,  for  that  time,  remarkably  clear  instructions  were  conscien- 
tiously carried  out,  and  the  results  communicated  in  the  ^^Beytrage."  He  says  that 
he  explored  the  Appalachian  mountain  region  only  between  the  Hudson  and  Po- 
tomac, but  that  he  carefully  traversed  the  coastal  region,  including  the  crystalline 
rocks  of  the  Piedmont  plateau,  by  land  from  Rhode  Island  to  Florida. 

The  little  book  contains  194  pages,  divided  into  47  numbered  sections.  The  first 
thirteen  sections  (pages  1-34)  deal  with  the  Coastal  Plain  dei^sits,  and  the  follow- 
in*;  twelve  (pages  34-77)  with  the  highly  crystalline  or  granitic  belt  forming  the 
ea*«tern  part  of  the  Piedmont  plateau.  In  this  the  Baltimore  gabbros  are  quite  cor- 
rectly described.  Between  the  granitic  belt,  which  he  calls  "der  Erste  Felsreihe,^^ 
and  the  mountains  proper,  Schoepf  correctly  distinguishes  three  limestone  and  two 
cr\'stalline  belts,  which,  for  the  latitude  of  Maryland,  he  describes  with  admirable 
clearness.  These  are:  ^^Erde  KcUrJdage"  (the  marble  belt) ;  ^^Za^'d^  FeUfrHhe"  (the 
western  Piedmont  semi-crystalline  zone) ;  **Zweite  Kakhlage  '*  (the  Frederick  valley 
limestone);  ^'dritte  Felsreihe.'^  (South  mountain  or  the  Blue  ridgt») ;  and  ^* driUe 
KnlchUige'*  (the  Great  or  Cumberland  valley).  Sections  32  to  37,  inclusive  (pages 
105-143),  are  devoted  to  the  mountains  proper  (Hatipigeb'urge\  with  a  special  de- 
scription of  the  Kittatinny  and  accounts  of  two  sections  carefully  traversed  from 
the  Kittatinny  to  the  Susquehanna  at  Wyoming  and  from  Shippensburg  to  Pitts- 
burjr. 

To  these  descriptive  portions  succeed  discussions  of  the  drainage  and  soils ;  of  the 
fossils  in  tlie  mountains  and  their  significance ;  of  the  origin  of  wind  and  water 
t;ai>s,  and  of  the  comparative  newness  of  the  Coastal  Plain  deposits,  with  proofs  of 
the  sinking  of  the  area  east  of  the  granitic  zone.  Many  of  the  conclusions  here  set 
forth  are  in  the  main  those  now  generally  acc^epted,  and  bear  witness  to  the  acumen 
of  their  author. 

A  few  pages  are  added  on  the  country  north  and  west  of  the  mountains  in  Canada 
un<l  New  England,  but  as  what  they  contiiin  was  derived  from  hearsay  and  not 
from  i)ersonal  observation  they  are  of  little  inn>ortance. 

Sources  of  infonnation  regarding  Schoepf  and  his  work  are — 
Fikenscher:  Doa  gelehrte  FarHt4>Ytihnm,  Bay  rent  h,  1795. 
Mensel :  Lex'iknn  der  vom  Jahre^  1750  bk  1800 ,  vernforbeaen  TeuUcften  SchriftMeUer,  vol. 

12,  1812,  p.  364,  with  complete  bibliography. 
G.  Brown  Goode:  Btg'mningsof  Naiarcd  Hlsttjry  in  America.   Proc.  Biol.  Soc,  Wash., 

vol.  iii,  188(5,  p.  92. 
Fr.  Ratzel :  Biographical  Notice  in  the  Allgemeine  Dmtadie  Biographi**y  vol.  32, 1891, 
p.  a52. 

»  Eriangfn,  1787,  pp.  194. 

t  NiitnntI  UiHtory  of  Cnroliim.  Florida,  aqd  Bahama  iHlands.  1731. 

X  M6moire  danfi  laquellc  on  comparu  le  Canada  ct  la  Suihso  par  rapport  A  ses  mineraux,  1752. 

2  AnnlyHiH  of  a  general  map  of  the  Middle  British  CoIonieB,  1756. 

I  En  Resa  til  Norra  Amerika,  1753-'61,  3  vols.    English  translation  by  J.  R.  Forster,  1770-'71. 
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The  following  paper  was  read  by  title : 

HE  LA  TIOJVS  OF  SYNC  LINES  OF  DEPOSITION  TO  ANCIENT  SHORELINES 
BY   BAILEY    WILLlS 

All  abstract  of  this  pa|>er  is  published  in  The  American  Geologist, 
vohime  xiii,  February,  1894,  paoje  140. 

The  next  communication  was  : 

THE  LATER  TERTIARY  LACUSTRINE  FORMATIONS  OF  THE  WEST 
f 

BY  W.    B.    SCOTT 

[Abglraci] 

Tlie  uppermost  of  these  horizons  in  the  western  interior  region  has  been  calknl 
the  Equm  beds,  which  in  many  plains  overly  the  Loup  Fork  lieds  and  have  not 
always  l)een  distinguished  from  them  with  sufficient  accuracy.  Hatcher  has  shown, 
liowcver,  that  the  two  are  seimrated  by  a  marked  unconformity,  and  there  an? 
notable  lithologic  differences  also.  The  mammalian  &una  of  the  Equtu  beds,  while 
abundant  in  individuals,  is  scanty  in  siKJcies,  which,  for  the  most  part,  belong  to 
motlern  genera,  such  as  EqiuiSy  ElepluM^  etcetera,  together  with  a  few  extinct  genera, 
as,  for  example,  Myl(}don^  EachatiiMj  eti^etera.  Rhinoceroses,  which  are  so  conspicu- 
ously represented  throughout  the  undoubted  Tertiaries  of  North  America,  have  not 
been  found  in  the  Equus  beds,  except,  perhaps,  in  California,  where  they  appear 
to  have  lingered  later  than  elsewhere.  The  cliaracter  of  this  fauna  points  rather  to 
a  Pleistocene  than  a  Plicx'ene  age  of  the  beds. 

The  Blanco  of  Texas,  described  by  Cope,  is  a  typical  Pliocene,  the  only  be<ls  so 
far  identitted  in  the  We^t  of  which  such  an  age  can  be  certainly  predicated.  They 
precede  somewhat  the  Peace  Creek  beds  in  Florida,  which  Dall  has  found  inter- 
stratified  betwcvn  marine  Pliocene  l)eds. 

The  great  l^oup  Fork  formation  has  been  much  misunderstood,  partly  because  it 
\ii\n  not  always  ])een  diHtinguished  from  the  much  later  EfiutM  l)eds,  and  partly  Ik'- 
cauHc  the  sepanite  horizons  into  which  it  may  be  divided  have  but  lately  been 
worked  out.  Of  these?  there  are  three.  The  oldest  is  the  Deep  River  horizon  of 
Montana  (Tichoh'/Uus  bed  of  C-ope)  and  is  chanicterized  esiKJcially  by  a  number  of 
aberrant  oreo<lonts  and  some  jK^culiar  gi»nera  of  horses,  such  as  Desinaiipptus  and 
AnchUhrium.  This  horizon  is  so  far  known  only  in  Montana.  I  cannot  agree  with 
('oiHJ  in  referring  to  it  certain  deposits  in  Wyoming  and  Oregon. 

The  stH'ond  or  mid<lle  horizon  of  the  I^mp  Fork  covers  a  vast  area  from  Nebntfka 
to  Mexico,  and  luus  yielded  a  very  krge  number  of  mammals.  Of  these  the  most 
cbanicteristic  is,  perhaps,  the  anteloi)e-lii<e  genus  Cosoryx.  An  apj»ropriate  geo- 
graphic name  for  this  subdivision  would  be  the  Nebraska. 

The  latest  of  the  three  horizons  of  the  Loup  Fork  may  be  called  the  Palo  Duro, 
Coi)e  having  found  it  near  the  canyon  of  that  name  in  Texas,  and  llatcher  has 
observed  it  in  northern  Kansas  overlying  the  Nebraska  series.  The  horizon  is 
characterized  by  the  first  appearance  of  the  genera  Equm  and  Hippidium^  while 
Protohijtpus  and  Aphidops  continue  up  from  the  Nebraska  or  Loup  Fork  proper. 

The  mammalian  fauna  which  has  been  found  at  and  near  Archer,  in  Florida, 
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wiresponds  very  closely  witli  that  of  the  Palo  Diiro  horizon,  and  represents  a  forma- 
tion nearly  or  quite  contemporaneous  with  it.  These  Archer  fossils  have  some- 
times been  regarded  as  the  ecjuivalents  of  those  in  the  Peace  Creek  beils,  but  they 
are  much  older  and  represent  a  very  different  fauna. 

The  two  older  Loup  Fork  horisBons,  the  Deep  River  and  Nebraska,  belong  un- 
questionably to  the  Miocene,  the  reference  of  them  to  the  Pliocene,  which  has  been 
made  by  some  authorities,  is  due  partly  to  incorrect  identifications  of  fragmentary 
fossils  and  partly  to  a  mingling  of  fossils  from  different  horizons,  such  as  very 
frequently  occurs  in  localities  where  the  7iVyiii«  beds  overlie  the  Loup  Fork.  For 
stratigraphic  reasons  Dall  regards  the  Archer  deposits  as  Pliocene :  and  if  this  con- 
tention proves  to  be  well  founded  the  line  iKjtween  Miocene  and  Pliocene  should 
})e  drawn  between  the  Nebraska  and  Palo  Duro  horizons  of  the  Jjoup  Fork.  The 
following  table  will  display  these  relations : 

Pleistocene Etiuus  beds. 

{Peace  creek. 
Blanco. 
rPalo  Duro  and  Archer  =  Hippidlum  beds. 

Ujjper  Miocene Loup  Fork ....-!  Nebraska  =  Oaoryx  beds. 

I  Deep  river  =  Cyclopidim  l>eds. 

A  much  more  difficult  task  is  to  correlate  these  various  horizons  with  their 
equivalents  in  Europe.  Many  of  our  leading  geologists  deprecate  all  such  attempts 
in  the  present  state  of  knowle<lge,  and  from  the  stratigraphic  point  of  view  this  is 
very  natural.  From  the  standpoint,  how^ever,  of  morphologic  paleontology,  which 
deals  with  questions  of  origins  and  migrations,  correlations  are  simply  indispensable 
and  must  be  attempted  again  and  again  until  a  satisfactory  result  has  been  readied. 
A  false  correlation  will  sooner  or  later  refute  itself  by  the  ctmtradictions  and 
abnurdities  to  which  it  leads,  as  is  abundantly  shown  by  the  inferences  which 
follow  from  regarding  the  White  River  deposits  as  Miocene  rather  than  Oligocene. 
For  the  purpose  of  correlating  the  lacustrine  dejmsits  of  Euroi)e  and  North  America, 
the  principal  stress  must  be  laid  uiK)n  the  maminals,  and  from  the  comparative 
•  rapidity  of  change  which  this  group  displays  nothing  could  be  better  adapted  to 
the  purpose,  provided  the  proj^r  limitations  of  this  method  be  observed.  The 
coini>arison  of  mammalian  faunas  in  widely  seimrated  and  isolated  regions  can  lead 
to  no  satisfectory  result,  and  it  is  this  which  renders  the  detennination  of  the  South 
American  fresh- water  Tertiaries  so  very  difficult.  Throughout  Tertiary  time  South 
America  was  is<3lated  from  the  northern  continents  and  developed  a  fauna  entirely 
l)eculiar  to  itself.  The  effects  of  this  long  isolation  are  strongly  marked,  even  at 
the  present  time.  On  the  other  hand.  North  America  was  repeatedly  and  for  long 
periods  connected  with  the  Old  World,  and  frequent  migrations  of  mamnmls 
(Kxiurred  in  both  directions.  During  periods  when  this  connection  appears  to  have 
been  interrupted  very  peculiar  faunas  developed  on  this  continent  in  isolation,  a 
striking  example  of  which  is  the  Bridger  Eocene,  but  then  subsequent  removal  of 
harriers  reestablished  similarity. 

Time  forbids  entering  into  these  correlations  in  detail.  Here  it  will  suffice  to 
indicate  three  points  which  appear  to  be  well  fixed  as  equivalents  on  the  two  aides 
of  the  ocean : 

1.  The  Wasatch  Eocene  represents  the  Suessonian  of  France  (Cope). 

2.  The  White  River  beds  are  the  equivalent  of  the  Oligocene  of  Ronzon. 

3.  The  Deep  River  horizon  of  the  Loup  Fork  corresi)onds  to  the  Upper  Miocene 
of  Sansan. 
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Professor  Scott's  pa[)er  was  discussed   by  G.   K.  Gilbert  and    E.  T. 
Duinl)le,  after  wbicb  the  Society  adjourned  until  evening. 


Si<:ssioN  OF  Wednesday  Evening,  December  27 

The  Society  was  called  to  order  at  7.45  p  m,  President  Dawson  in  the 
chair.  The  following  paper,  which  was  announced  for  this  session  in 
the  printed  ])rograni,  was  presented  with  illustrations : 

AN  ACCOUNT  OF  AN  EXPEDITION  TO  THE  BAHAMAS 
BY    ALKXANDKR    AOASSIZ 

Remarks  were  made  by  the  President. 
A  second  i)aper  was  read — 

THE  SHASTACHICO  SERIES 
KY  J.   S.    DILI.ER 

This  paper  was  combined  with  the  one  by  T.  W.  Stanton,  entitled  The 
Cretaceous  Faunas  of  the  Shasta-Chico  Series,  and  printed  under  their 
joint  authoi*ship  as  pages  485-4(>4  of  this  volume. 

Following  the  early  adjournment,  an  informal  reception  was  given  in 
the  library  room  of  the  building. 


SicssioN  OF  Thursday,  December  28 

The  session  of  this  day  was  held  in  the  University  Museujn  of  Harvanl 
University,  Cambridge.  The  Society  was  called  to  order  in  the  N;ish 
Botanical  Lecture-room,  and  was  welcomed  by  Professor  N.  S.  Shaler. 
Vice-President  Chamberlin  presided  during  the  day. 

The  first  pai)er  read  was : 

GEOLOGY  OF  A  PORTION  OF  THE  COOSA    VALLEY  IN  GEORGIA  AND  ALABAMA 

BY   C.    Wir.LAIlD   HAYES 

Remarks  were  made  by  N.  S.  Shaler.  This  paper  is  printed  as  pages 
4G5-4.S()  of  this  volume. 
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The  second  paper  was : 

PALEOZOIC  OVERLAPS  IN  MONTGOMERY  AND  PULASKI  COUNTIES,  VIRGINIA 

BY   M.    R.    CAMPBELL 

This  paper  is  printed  as  pages  171-190  of  this  volume. 
The  following  paper  was  read : 

OEOLOOIC  RELATIONS   FROM   GREEN  POND,  NEW  JERSEY,    TO  SKUNNEMUNK 

MOUNTAIN,  NEW  YORK 

BY   N.    H.    DARTOX 

Remarks  were  made  by  J.  E.  Wolff.  This  paper  is  printed  as  pages 
367-394  of  this  volume. 

The  next  paper  presented  was : 

ANCIENT  ERUPTIVE  ROCKS  IN  THE  WHITE  MOUNTAINS 
BY   C.    H.    HITCHCOCK 

The  paper  was  discussed  by  J.  P.  Iddings  and  N.  S.  Shaler.  An  ab- 
stract is  published  in  The  American  Geologist,  volume  xiii,  March,  1894, 
page  213. 

The  following  paper  was  then  read  : 

ANCIENT  VOLCANIC  ROCKS  ALONG  THE  EASTERN  BORDER  OF  NORTH^AMERICA 

BY   GEORGE   H.  WILIJAMS 

This  paper  was  discussed  at  length  by  A.  C.  Lane,  J.  P.  Iddings,  Whit- 
man Cross,  J.  S.  Diller  and  the  author.  It  is  published  in  full  in  The 
Journal  of  Geology,  volume  ii,  1894,  pp.  1-34. 

The  following  paper  was  read  by  the  author,  but  not  presented  for 
publication : 

THE  CHEMICAL  EQUIVALENCE  OF  CRYSTALLINE  AND  SEDIMENTARY  ROCKS 

BY   G.    K.    (HLBEKT 
LXXXIII  -Ruu.   Geoi,,  Sot.  Am.,  Vol.  5.  1893. 
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In  the  absence  of  the  author  the  next  paper  was  read  by  George  H. 
Williams. 

VOLCANITE,    AN   ANORTHOCLASB-AUOITE   ROCK   CHEMICALLY  LIKE    THE 

DACITES 

BY   WILLIAM   H.    HOBBS* 

[Ahiitraci'] 

The  eruption  of  Volcano  t  in  1888-'9  produced  a  peculiar  type  of  volcanic  pn)]!**  - 
tile  which  Dr  II.  J.  Johnston- Lavis  has  characterized  by  the  term,  "  bread-cni-t 
bomb."  J  These  projectiles  consist  of  an  acid  pumice  core  surrounded  by  a  thin 
skin  of  a  vesicular  glassy  rock,  which  is  warped  and  cracked  by  reason  of  the 
strains  to  which  it  has  been  subjected  in  cooling.  The  structure  of  the  projectile>  ( 
has  been  discussed  in  the  papers  cited. 

The  material  of  the  bombs  is  porphyritic  in  structure  with  a  glassy  base,  phen«"»- 
crysts  of  felspar  and  augite  being  prominent  in  both  core  and  rim.  They  arr 
often  quite  large,  the  felspars  attaining  a  diameter  of  three-quarters  of  a  centi- 
meter. Inclusions  of  a  more  basic  rock  occur  which  are,  with  little  doubt,  fragment* 
of  the  dolerite  so  extensively  develoj^ed  at  the  south  end  of  the  island.  An  acid 
enclosure  obtained  by  trofessor  J.  P.  Iddings  in  a  subsequent  visit  to  the  L«land 
was  found  on  examination  to  be  quite  certainly  a  partially  fused  fragment  of  lip- 
arite.  Dark  colored  inclusions  having  the  outline  of  crystals,  which  are  quite 
abundant  in  the  rock,  have  been  shown  to  be  magmatic  pseudomorphs  after  aii^tc 
phenocrysts. 

The  predominating  felspar  of  the  phenocrysts  resembles  sanidine,  and  generally 
aj)ix?ai*s  under  the  microscope  as  idiomorphic  unstriated  individuals,  bounded  >>y 
the  faces  P,  3/,  /  and  y.  Cleavage  pieces  parallel  to  the  base  extmguisli  parallel, 
and  those  parallel  to  the  second  cleavage  yield  an  extinction  angle  of  from  4  t<»  ' 
degrees.  An  obtuse  positive  bisectrix  emerges  from  the  latter.  In  mo^  case?= 
there  is  no  trace  of  twinning  striic,  but  rarely  an  extremely  fine  microcline-like  stria- 
tion  can  be  made  out  in  the  section.  Simple  twins,  according  to  the  Baveno  law, 
were  observed.  Parallel  and  knotty  or  *'knauelformig"  growths  of  felsjtar  are 
very  common.  A  fragment  of  the  unstriated  felsfmr  free  from  inclusions  was  found 
to  have  a  specific  gravity  of  2.559.  A  sufficient  quantity  of  this  felspar  was  se|«- 
rated  from  the  rock,  with  a  slight  admixture  of  magnetite  and  augite,  by  mean::  df 
the  Thoulet  solution.  As  these  impurities  do  not  compose  entire  grains  of  the  rcK*k 
powder  used  in  the  separation,  they  were  not  easily  removed.  An  analysis  of  thit^ 
material  by  W.  F.  Scoular  is  given  under  I  in  the  following  table : 

*  I  desire  to  acknowle  dge  obligation  to  Messrs  Louis  Kahlenberg,  Leo  C.  Urban,  and  M.  F.S*'oular 
for  the  chemical  analyses  furnished  by  them  for  this  paper,  and  I  am  also  indebted  to  Profc^^^^'r 
George  H.  Williams,  of  Johns  Hopkins  University,  for  valuable  suggestions. 

f  Volcano  is  situated  on  one  of  the  Lipari  islands. 

X  Johnston- Lavis  :  Proo.  Gool.  Asso''.  London,  vol.  xi,  1890,  p.  390,  Also  Nature,  vol.  xlii,  lS9fl,  p.>. 
Hobbs:  Trans.  Wis.  Acad.,  vol.  ix,  IfOa,  p.  21,  pi.  1,  fig.  2. 

gThe  present  pa  er  is  an  abstract  of  a  study  of  the  material  of  the  projectiles  from  a  petn»gr»pti- 
Ical  st.>indpoint.  The  full  paper  will  appear  in  the  Zeit-chrift  der  deutschen  geologischen  Gf>«'.l- 
BChaft. 
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AM),. 

FeC. 
CaO.. 
MiH). 
K.^O . . 
Xa,<). 
Mni) . 


60.01 
20.12 

2.82* 


5.15 

.23 

3.67 

6.43 


.77 


Sx>ecific  gravity  , 


99.20 
2.559 


II. 


58.18 

22.89 

4.58 


4.61 

.71 

4.17 

2.97 


.96 


99.07 


III. 


64.59 

19.84 

2.24 


1.26 

m 

3.53 

7.88 


99.97 


IV. 


62.27 
21.07 


5.10 


3.86 
6.76 


.81 


47.60 
4.66 


12.73 
18.06 
14.5(i 


1.50 

trace. 

.50 


99.61 
3.283 


I.  Anorthoclase  from  Volcano  projectiles  of  1888 ;  analyzed  by  W.  F.  Scoular. 
TI.  Anorthoclase  from  the  "Rhombenporphyr"  of  Lille  Frogner;  analyzed  by 
Kjerulft 

III.  Anorthoclase  from  the  taimyrite  of  the  Taimyr  river,  Siberia.  J 

IV.  Same  as  I,  recalculated  so  as  to  exclude  magnetite  and  augite  impurities. 
V.  Augite  from  Volcano  projectiles  of  1888 ;  analyzed  by  L.  C.  Urban. 

The  analysis  of  this  felspar  clearly  shows  that  it  is  sodium  orthodase,  the  com 
position  corresponding  to  Or,  Abj.ss  Aui.,,.  The  study  of  the  sections  indicates 
that  we  have  present  both  the  "  Natronorthoklas  "  and  the  **Natronmikroklin" 
of  Br()gger. 

The  plagioclase  of  the  phenocrysts  has  a  more  lath-shaped  habit  and  shows  the 
albite  striation.  The  extinction  angles  in  the  zone  of  the  ortho-diagonal  indicate 
that  the  felspar  is  near  the  middle  of  the  plagioclase  series.  A  portion  was  sep- 
arated in  the  Thoulet  solution  and  partially  analyzed  for  me  by  Mr  Leo  C.  Urban 
with  the  following  results : 


CaO. 


6.47 


Niv,0. 


5.22 


K,0. 


1.87. 


The  potash  present  is  probably  exi)lained  by  the  fact  that  the  anorthochise  was 
not  quite  eliminated  from  the  ix>rtion  analyzed.  If  correction  be  made  for  this  the 
mineral  is  seen  to  be  an  andesine  of  the  fornuila  Ab,  An,.  Besides  the  large  i)heno- 
crysts,  both  anorthoclase  and  andesine  oci^ur  in  a  second  generation  of  phenocrysts 
as  well  as  in  the  groundmass,  so  that  throe  distinct  generations  are  recognized. 

Augite,  like  felspar,  occurs  in  three  generations.  The  phenocrysts  show  about 
equal  development  of  pinacoids  and  prism.  Both  pinacoidal  partings  are  generally 
more  or  less  developed,  and  twins,  according  to  the  usual  law,  are  common  in  the 
phenocrysts  of  the  second  generation.  Fluid  inclusions  filling  cavities  of  the  form 
of  negative  crystals  are  very  common.  The  absorption  is  green  in  tones  from  yel- 
lo>vi8h  green  to  deep  green  or  deep  brownish  green,  indicating  the  presence  of  a 

•Total  iron. 

t  W.  C.  BrOgger :  Die  Silurischen  Etagen,  p.  295. 

t8«e  K.  y.  KroutschotT':  Bull.  acud.  ira.  St  Petersburg,  Molang.  g^ol.  et  paU^on*,  I,  liv.  1. 
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perceptible  quantity  of  the  acmit<?  molecule.  The  extinction  angle.s  in  the  pK-r^ 
25one  are  as  high  as  40°.  Marked  zonal  structure  is  characteristic  of  nmny  cr>-?*tal> 
representing  a  difference  in  extinction  angle  sometimes  as  great  as  8°.  An  anstly-^l^ 
of  this  mineml  is  printed  umier  V  in  the  preceding  table.  The  one  and  a  half  i-r 
cent  of  sodium  present  explains  tlie  yellowish  green  absorption  of  the  aiinen»l. 
Tlie  extensive  resoqition  which  hasoccurre<i  in  the  case  of  many  individiiab*  i.-  ••!* 
considerable  interest.  This  does  not  seem  to  have  taken  i>lace  with  any  unifomiity 
about  the  crystal,  but  has  frequently  made  its  way  to  the  center  of  the  crj'staJ  Iruni 
one  side,  even  when  the  greater  part  of  the  surface  remains  unattacked.  The  ma- 
terial thus  dissolved  has  again  crystallized  in  place  as  an  aggregate  of  nearly  e«jl*»r- 
less  pyroxene,  magnetite  and  plagiodase.  Such  resorption  has  frequently  gone  ?-• 
far  as  to  produce  perfect  magmatic  pseudomori>hs  after  the  augite  phenocryst*?.  In 
the  examination  of  the  hand  specimen  these  can  be  seen  as  dark  colored  area^  witli 
good  crystal  boundaries,  having  the  apjiearance  of  basic  inclusions.  Under  th<r 
microscope  the  outlines  are  easily  identified  as  those  of  augite,  since  octagonal  l«tsal 
sections  are  found  having  the  i)yroxene  angle.  Moreover,  remnants  of  the  ori^n^il 
augite  crystals,  which  are  sometimes  found  in  these  pseudomori>hs.  indicate  l»y 
their  orientation  and  cleavage  that  they  once  filled  the  entire  sjMice  of  the  inclueior.. 
The  pseudomorphs  are  easily  distinguished  from  the  host  by  the  large  amount  ^f 
magnetite,  the  needles  of  colorless  pyroxene,  and  the  base  of  plagioclase  of  which 
they  are  composed.  The  pyroxene  of  the  normal  rock  is,  as  already  mentione*!, 
green,  and  in  the  groundmass  it  plays  quite  a  subordinate  rOle.  Unlike  the  rock 
groundmass,  the  pseudomorphs  contain  no  vesicles  and  no  glassy  base.  They  murf 
be  explained  in  the  same  manner  as  are  the  magnetite-augite  crowns  about  biotit*^ 
and  hornblende  in  the  andesites.  While  the  lava  stood  in  the  pipe  of  the  vohani* 
a  differentiation  of  the  magma  occurred,  which  rendered  the  already  formed  augite 
phenocrysts  unstable.  Their  resorption  began  in  consequence,  and  owing  to  the 
great  viscosity  of  the  lava  the  diffusion  of  the  resorbed  material  was  practically  nil. 
As  a  conseciuence  the  material  recrystallized  in  situ^  but  on  account  of  the  chanced 
conditions,  in  other  chemical  molecules.  These  augite-  pseudocrystals  show  analo- 
gies with  the  leucite  pseudocrystals,  which  have  been  described  from  Arkansas'^ 
and  Brazil .f 

A  mineral  which  was  occasionally  observed  in  the  rock,  having  a  high  index  «>f 
refraction,  a  high  double  refraction,  and  a  rough  surface,  was  identified  as  olivine, 
though  its  presence  was  hardly  to  be  expected. 

The  groundmass  of  the  rock  has  a  glassy  base,  in  which  are  contained  a  >rresit 
number  of  microlites  of  felsj)ar  and  a  much  smaller  number  of  small  augitv  cr>'fi- 
tals.  It  contains  occasional  larger  or  smaller  irregular  shaiHKi  inclusions,  which 
appear  to  be  partially  fused  fragments  of  dolerite.  A  rare  w^hite  inclusion  which 
was  found  later  by  Iddings  on  his  visit  to  the  island  and  kindly  given  nie  to  ex- 
amine is  undoubtedly  a  metamorphosed  liparite.  It  is  composed  chiefly  of  fels^cir 
and  quartz.  Cleavage  pieces  of  the  felspar  show  the  optical  characters  of 
**  nonnal "  sanidine.  A  partial  analysis  of  the  inclusion  has  been  made  for  me  by 
Mr  Leo  C.  Urban  with  the  following  results : 

SiOj 74.57.  AlA 13.09.  CaO 1.32. 

•J.  F.  Williaraa  ;  The  Igneous  Rock«  of  Arkansas.   Ann.  Rept.  Geol.  Surv.  Ark.,  1S90,  voL  li.  p.  2«:. 
fEugen  Hussak  :  N^uea  Jahrb.,  1892,  vol.  ii,  p.  159. 


ANALYSES   OF    ROCKS. 


601 


Tlie.se  fij^ures  corresix)nd  almost  perfectly  with  percentages  of  the  same  oxides  in 
the  analyses  of  obsidian  and  pumice  from  Lipari.*  It  is  interesting  in  this  con- 
ne<'tion  to  note  that  Abich  f  has  described  a  liparite  from  within  the  crater  of 
Volcimo  which  contained  70.50  per  cent  of  siUca. 

Mineralogically,  then,  this  rock  resembles  most  the  tracliytes,  bat  as  anorthoclase 
takes  the  place  of  sanidine,  it  should,  therefore,  be  classed  with  the  pantellerites. 
The  phenocrysts  are  in  two  generations,  and  are  anorthoclase,  andesine,  acmitic 
au^te  and  olivine.  The  only  accessory  minerals  are  magnetite  and  microlitic 
ai>atite  needles.     The  Michel-L^vy  formula  for  this  rfx;k  would  then  be : 


A  Hmall  fragment  of  the  out^r  rim  of  a  projectile  as  free  from  vesicles  as  any  that 
could  be  found  was  detennined  to  have  a  specific  gravity  of  2.42. 

Some  fragments  of  both  the  pumiceous  core  and  the  glassy  rim  of  a  projectile 
were  taken  and,  after  picking  out  the  doleritic  inclusions,  subjected  to  a  complete 
chemical  analysis.  The  results  of  this  analysis,  which  was  kindly  made  for  me  by 
Mr  Louis  Kahlenberg,  instructor  in  chemistry  in  the  University  of  Wisconsin,  are 
printed  under  I  in  the  following  table.  In  columns  II  to  VI  are  printed  other  rock 
analyses  for  comparison. 


I. 

II. 

III. 

IV. 

V. 

VI. 

SiO, 

66.9?) 
17.56 

1.41 

3.39 
trace 

4.25 
.93 

3.35 
.34 

1.53 
trace 

66.41 

17.41 

4.12 

"*3.96 

1.82 

3.83 

1.65 

.81 

67.19 

16.96 

3.45 

1.20 

trace 

4.46 

1.50 

3.70 

1.55 

.89 

66.3 

17.8 

2.4 

.4 

63.2 

16.3 

1.8 

2  A 

69.0 

AUX 

10.1 

"  ■■i\'3*  •  •  •  •  • 

FeoO, 

4.4 

FeO 

4.6 

MnO 

CaC) 

2.1 

.3 

5.6 

3.5 

.2 

3.6 
1.9 
2.5 
6.0 
2.3 

1.5 

MgO 

.8 

Na,0 

6.3 

KjO 

3.7 

H.O 

P.O. 

Others 

i.3 

1.0 

.3 

99.75 

100.01 

100.88 

99.9 

101.0 

100.7 

I.  Total  analysis  of  the  Volcano  projectiles  of  1888. 
II.  Felso-dacite  from  Rodua,  Siebenbiirgen.  J     • 

III.  Dacite  from  Nagy  Sebes,  Siebenbiirgen.  i 

IV.  Domite  from  the  Puy  de  Dom,  Auvergne. 
V.  Trachyte  from  Mont€  Amiata.  || 

VI.  Pantellerite  from  Cuddia  Mida,  Pantelleria.  1[ 


*  J.  Roth :  Die  Gesteinsanalysen,  p.  11. 
t Abich:  Viilkanische  Erscheinungen,  1841,  p.  26. 
X  Doelter:  Tscherra.  min.  Mitth.,  vol.  iii,  1873,  p.  74. 

iCf.  Ibid.,  p.  93.    ThiH  rock  is  the  type  of  diuMte  cited  by  Rosenbuseh  (Ueber  die  chemischen 
Beziehangen  der  Eruptivgesteino,  ibi.l.,  N.  F.,  vol  xi,  1890,  p.  178). 
I  J.  F.  Williams :  Inaugural  Dissertation,  Stuttgart,  1887,  p. :«. 
TForstner;  Zeitsch.  f.  Kryst..  vol.  viii,  1883,  p.  182. 
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That  the  rock  of  the  Volcano  projectiles  does  not  belong  in  the  trachyte  ?erit^ 
but  is  chemically  like  the  dacites,  is  dear  from  the  al)Ove  analyses.  Analyse-  II 
and  III  are  of  typical  dacites,  with  which  this  rock  is  chemically  almost  identical 
The  domite  of  the  Auvergne  (IV)  and  the  Monte  Amiata  trachyte  (V)  contulL 
much  more  potash.  The  pantellerites  contain  more  potash  and  iron  and  niu«4. 
less  alumina  and  lime.  The  other  trachyte  types  show  chemically  even  k?«? 
affinity  with  the  rock  under  consideration. 

Although  the  rock  under  consideration  is  chemically  identical  wdth  the  dacit*-. 
it  lacks  the  characteristic  quartz  phenocrysts  of  that  type.  Further,  the  study  •  •: 
tlie  sections  shows  that  this  rock  belongs,  mineralogically,  in  the  trachyte  st^rit^ 
with  the  pantellerites.  Anorthoclase  is  the  predominating  felspar  and  mon-i- 
clinic  pyroxene,  which  is  the  rarest  non-felspathic  essential  constituent  of  tin- 
dacites,  is  here  beside  felspar  the  only  essential  constituent  of  the  rock.  This^  n»«*k 
does  not  therefore  correspond  with  any  of  the  established  rock  types.  Mintr- 
alogically  it  is  a  trachyte,  while  chemically  it  is  a  dacite.  I  propose  for  this  new 
type  the  name  Volcanite  after  the  crater  from  which  it  has  been  ejected — Vol. 
cano — ^the  most  symmetrical  and  beautiful  of  all  cinder  cones. 

Professor  J.  P.  Iddings  has  demonstrated  that  one  and  the  same  rock  ma^nii^i 
may  under  different  conditions  consolidate  in  different  mineral  aggregates,*  The 
rock  type  which  arises  in  a  given  case  depends  on  the  manner  of  geological  occur- 
rence and  on  the  physical  conditions  attending  the  consolidation.  These  latti-r 
may  be  the  pressure,  the  temperature,  the  rate  of  radiation,  the  mineralizers  pre?*- 
ent,  etcetera.  In  the  type  before  us  the  development  of  anorthoclase  and  niono- 
clinic  pyroxene,  and  not  quartz,  acid  plagioclase,  and  biotite  or  hornblende,  a.** 
is  usual  with  magmas  of  this  chemic«,l  composition,  may  in  part  be  due  t*>  tlie 
peculiar  manner  of  formation  of  the  "  bread-crust"  projectiles. 

The  following  paper  was  read  by  title : 

FURTHER  NOTES  ON  THE  OCCURRENCE   OF  ALBERTITE  IN  NEW  BRUNSWICK, 

CANADA 

BY   H.    P.    H.    BRUM  ELL 

The  Society  took  a  recess  for  luncheon,  which  was  served  in  the  build- 
ing by  the  resident  Fellows,  and  reconvened  in  the  Geological  I^ecture- 
roorn  at  1.80  p  m.  The  first  paper  i)resented  at  the  afternoon  session 
was — 

ALTERATIONS  OF  SILICATES  IN  ONEISS  AT  WORCESTER,  MASSACHUSETTS 
BY    HOMER  T.    FULLER 


•J.  P.  IddiDKS :  The  mineral  composition  and  Reological  ooenrrencc  of  certain  igneous  rook-. 
Bull.  Phil.  Soc.  Washington,  1889,  vol.  xi,  pp.  191-220.  Also  Iddings:  On  the  cr}'8tallisation  of 
igneous  rocks,  ibid.,  p.  90;  and,  The  Eruptive  Rocks  of  Electric  Peak  and  Sepulchre  MouniAJu. 
Yellowstone  National  Park,  12th  Ann.  Rep.  Director  U.  S.  Geol.  Survey,  1892,  pp.  &G9-661. 
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The  next  paper  was  rea'd,  in  the  absence  of  the  author,  by  J.  P.  Iddings : 

PRE-PALEOZOIC  DECA  Y  OF  CRYSTALLINE  SOCKS  NORTH  OF  LAKE  HURON 

BY  ROBERT  BELL 

This  paper  is  printed  as  pages  357-366  of  this  volume. 
The  following  communication  was  presented: 

OABBROS  ON  THE  WESTERN  SHORE  OF  LAKE  CHAMPLAIN 
BY  J.   P.    KEMP 

This  subject  was  discussed  by  G.  H.  Williams,  P.  D.  Adams,  and  the 
author  replied.     The  paper  is  printed  as  pages  213-224  of  this  volume. 

The  next  paper  was  read  by  title : 

MICA  DEPOSITS  IN  THE  LAURBNTIAN  OF    THE  OTTAWA   DISTRICT 
BY    ROBERT   W.    ELI>i 

,  The  paper  is  printed  as  pages  481-488  of  this  volume. 
The  next  paper  was — 

INTRUSIVE  SANDSTONE  DIKES  IN  GRANITE 
BY    WHITMAN   CROSS 

Remarks  upon  this  paper  were  made  by  N.  S.  Shaler.    The  paper  is 
printed  as  pages  225-230  of  this  volume. 

The  following  paper  was  read  by  title : 

AGE  OF  THE  AURIFEROUS  SLATES  OF  THE  SIERRA  NEVADA 
BY  JAMES   PERRIN  SMITH 

The  paper  is  printed  as  pages  243-258  of  this  volume. 

The  following  paper  was  read,  in  the  absence  of  the  author,  by  W.  M. 
Davis. 

CERTAIN  CLIMATIC  FEATURES  OF  MARYLAND 
BY   WILLIAM   B.    CLARK 

The  substance  of  this  paper  is  published  in  the  First  Biennial  Report 
of  the  Maryland  State  Weather  Service  for  the  years  1892  and  1893. 
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The  next  paper  was  read  by  title : 

GEOLOGICAL  STRUCTURE  OP  THE  HOUSATONIC  VALLEY  LYING  EAST  Ot 
MOUST  WASHING  TOy 

BY   WILLIAM   H.    HOBBS 

This  paper  is  published  in  The  Journal  of  Geology,  volume  1, 1>'''. 
page  780. 

The  following  paper  was  illustrated  by  lantern  views : 

THE  HI  BERN  I  A  FOLD,  NEW  JERSEY 
BY  J.    E.    WOLFF 

An  abstract  is  published  in  The  American  Geologist,  volume  xni. 
page  142. 

The  following  three  papers  were  presented  by  the  author : 

PLEISTOCENE  DISTORTIONS  OF  THE  ATLANTIC  SEACOAST 

RELATION  OF  MOUNTAIN-GROWTH  TO  FORMATION  OP  CONTINENTS 

PHENOMENA  OF  BEACH  AND  DUNE-SANDS 

BY   N.    8.    SHALER 

These  papers  are  printed  as  pages  199-212  of  this  volume. 
The  following  communication  was  read : 

THE  TRIAS  AND  JURA  IN  THE  WESTERN  STATES 
BY    ALPHEUS   HYATT 

The  paper  was  discussed  by  J.  S.  Diller,  Mr  Alexander  Agassiz  and 
the  author.     It  is  printed  as  pages  395-434  of  this  volume. 

The  following  paper  was  read  ])y  title  : 

GEOGRAPHICAL  WORK  FOR  STATE  GEOLOGICAL  SURVEYS 
BY   WILLIAM    M.    DAVLS 

Our  state  geological  surveys,  which  should  be  organized  in  every  state  as  iieruia- 
nent  official  bureaus  with  an  aasured  future,  have  at  present  too  commonly  an 
uncertain  existence ;  so  uncertain  that  a  graduate  of  our  colleges  might  well  question 
the  advisability  of  casting  his  lot  in  a  service  on  whose  permanence  so  little  dt^ 
pendence  can  be  placed.  There  arc  two  chief  reasons  for  this  unfortunate  con'l>- 
tion  of  things.    The  first  is  the  little  interest  felt  by  the  average  state  legi?laUirin 
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matters  that  have  not  an  immediate  practical  application ;  the  second  is  the  rela- 
tively gmall  appreciati<»n  of  the  survey  reports  by  the  greater  part  of  our  population. 
On  the  other  hand,  the  subject  of  jceography  is  in  a  lamentable  condition  in  our 
public  schools,  and  is  most  seriously  in  need  of  an  infusion  of  new  life.  There  are 
many  reasons  for  this,  but  one  of  the  chief  is  the  want  of  good  literature  ready  at 
hand  for  the  teacher's  use.  A  teacher  in  the  public  schools,  anxious  to  improve 
In.s  work  by  introducing  illustrations  and  examples  from  his  home  field,  may  search 
almost  in  vain  for  descriptions  of  the  geographical  features  of  his  state,  presented 
at  once  in  the  Ijght  of  modern  geographical  investigation  and  in  a  style  adapted  to 
his  needs. 

In  view  of  these  two  unsatisfactory  conditions,  I  venture  to  ask  the  attention  of 
our  Fellows,  esj)ecially  of  those  who  are  engaged  in  state  8ur\'ey8,  to  the  following 
outline  of  a  plan  by  which  some  improvement  may  be  effected,  both  in  the  sur- 
veys and  in  the  schools  : 

Physical  geography,  which  treats  chiefly  of  the  forms  of  the  land  produced  by 
denudation,  is  now  universally  recognized  as  a  division  of  the  larger  subject  of 
geology,  which  includes  also  an  account  of  the  formation  of  land  masses  by  pro- 
cesses of  deposition  and  deformation.  Hence  in  those  state  surveys  which  are  not 
Htrictly  limited  by  law  to  the  consideration  of  the  economic  occurrence  of  ores, 
Jjiiilding  stones,  clays,  etcetera,  let  there  be  a  geographical  division  established,  in 
which  one  or  more  competent  geographical  assistants  shall  be  employed  to  invest!" 
gate  and  report  on  the  geographical  features  of  the  state,  just  as  trained  economic 
experts,  paleontologists  or  petrographers  are  employed  to  examine  the  appropriate 
subjects  of  their  studies. 

Let  the  geographical  assistant  be  instructed  to  study  and  report  upon  a  certain 
limited  group  of  geographical  features ;  let  him  traverse  his  district  until  all  its 
[larts  are  familiar,  determine  as  clearly  as  possible  the  conditions  of  their  develop- 
ment and  illustrate  their  several  parts  by  photographs,  sketches,  maps,  and  so  on  ; 
let  him  while  yet  on  the  ground  begin  his  report,  in  order  that  it  shall  approach 
completion  while  the  features  that  he  describes  are  still  before  him ;  then  let  his 
"office  work"  be  devoted  to  broadening  his  report  by  a  comparison  of  the  local 
features  with  others  of  similar  origin  in  other  parts  of  the  country  or  in  other 
countries  of  the  world,  and  by  contrast  with  related  features  of  earlier  and  later 
stages  of  development,  or  in  fainter  or  stronger  intensity  of  relief,  or  under  differ- 
ent climatic  conditions.  Just  as  with  reports  on  ores,  rocks  or  fossils,  let  the  geo- 
graphical report  be  prepared  in  accordance  with  a  systematic  scheme  based  on  a 
study  of  the  geography  of  the  world.  Just  as  with  the  reports  on  other  subjects, 
let  the  geographical  reports  represent  the  best  developments  of  modern  geographical 
investigation.  Just  as  with  the  reports  on  other  subjects,  let  the  geographical  re- 
IX)rts  \)e  carefully  prej)ared  to  meet  the  requirements  of  the  jmrt  of  the  community 
to  which  they  are  addressed. 

In  this  last  respect  the  geographical  reports  need  a  most  careful  consideration. 
They  should  be  addressed  to  the  teacher  in  our  high  schools,  because  it  is  from 
among  the  graduates  of  the  high  schools  that  the  teachers  of  the  grammar  sc»hools 
are  drawn.  Teachers  of  grammar-school  grade  also  are  indeed  at  present  greatly  in 
need  of  a  good  local  geographical  literature  to  which  they  can  refer  for  illustration 
of  their  text-book  lessons,  and  many  of  them  will  make  good  use  of  such  literature ; 
but  the  best  use  that  they  can  make  of  it  will  be  gained  if  they  meet  it  while  they 
are  still  scholars  themselves — that  is,  in  their  high-school  course — so  that  it  shall 
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be  closely  woven  into  their  ge()*?raj)hical  training.  While  the  effect  on  the  hi^h 
schools  might  therefore  lie  almost  immediate,  the  effect  on  the  grammar  echo 4- 
can  hardly  be  expected  until  a  decade  shall  have  passed. 

A  geographical  report  ready  for  successful  use  as  a  reference  book  by  a  hi^h- 
school  teacher  of  physical  geography  must  not  be  too  technical ;  it  must  not  pre- 
sume  too  much  on  antecedent  knowledge  of  the  modem  aspects  of  physi'-a] 
geography ;  it  must  dwell  deliberately  on  a  simple  series  of  related  considerati*»itf : 
it  must  illustrate  them  verbally  and  graphically  ;  it  must  detain  the  reader  s  inter- 
ested attention  by  a  selected  sequence  of  comparisons  and  contrasts ;  it  mu8t  l»rjn;r 
out  clearly  the  marked  relation  between  physical  features  on  the  one  hand  and 
seats  of  population,  styles  of  occupation  and  paths  of  communication  on  the  otln  r 
hand ;  it  must  touch  close  to  matters  of  historical  and  economic  interest. 

Let  no  geologist,  far  remove<i  by  his  difficult  investigations  from  the  simpUrr 
studies  of  the  high  school,  imagine  that  such  reix>rts  as  are  indicate<i  above  an- 
trivial  matters.  Let  him  rather  feel  assured  that  they  oi)en  a  field  for  originality  of 
treatment  that  will  place  their  succ^essful  authors  prominently  l>efore  the  edut-a- 
tional  public.  It  is  quite  true  that  the  order  of  considerations  that  they  involve  t* 
relatively  elementary ;  but  it  is,  on  the  other  hand,  nothing  less  than  astonishin;?  t*' 
discover  how  many  facts  of  the  highest  geograj)hical  interest  are  both  elementfln- 
and  unknown.  They  may,  indeed,  be  known  to  a  few  persons  who  live  ujon  them, 
or  to  a  few  investigators  who  have  encountered  them  in  the  field,  but  they  an- 
nowhere  projjerly  presented  in  accessible  lx)oks,  ready  at  hand  for  use  in  our 
schools.  As  a  result,  our  high-school  gniduates— that  is,  the  great  body  of  <«ir 
more  intelligent  jwpulation — live  in  a  world  whose  expressive  features  they  do  not 
in  the  least  understand. 

Let  me  illustrate  briefly,  by  a  few  sj^cific  examples,  the  general  quality  of  the 
subjects  for  geographical  reports  of  the  kind  which  I  have  in  mind. 

Consider,  for  example,  the  more  or  less  distinct  inland-facing  escarpments  thai 
nin  in  a  rough  way  parallel  to  the  seashore  in  our  great  coastal  plain.  On  thtir 
inland  side  lies  a  valley-lowland,  developed  by  the  denudation  of  the  weaker  strot.'* 
that  have  l)een  expoHe<i  by  the  removal  of  the  harder  members  of  the  retreating: 
escarpment.  According  to  the  strength  of  the  escarj)ment  and  to  certain  other 
features,  tlie  drainage  of  this  interior  longitudinal  valley-lowland  will  be  effectel 
by  a  less  or  greater  number  of  transverse  streams  which  maintain  open  waterway? 
through  the  e8carj)ment.  While  the  face  of  the  escarpment  looks  nixyn  a  valley- 
lowland  opened  on  older  strata,-the  back  of  the  escari)ment  descends  to  a  lowlanil- 
plain,  or  to  another  valley -lowland  enclosed  by  another  escarpment.  Actxmlini: 
to  the  constitution  of  the  strata  and  to  the  conditions  of  relief,  climate?,  etcetera, 
the  inner  lowland,  the  outer  lowland  and  the  intermediate  escarpment  will  ^"arv 
in  products,  population,  occupations  and  so  on.  According  to  the  attitude  of  tht- 
strata,  the  escarpment  may  l)e  raggwl,  faint  and  ill-defined,  or  straight,  strong  and 
sharp.  Although  the  drainage  systems  of  regions  of  this  kind  usually  present 
interesting  examples  of  mature  a<ljustment  l)etween  consequent  and  subee*]nent 
streams,  the  pro<vsst»s  involved  in  the  adjustments  are  sutficiently  simple  for  pn*en- 
tat ion  to  high  .**chool  teachers,  and  for  use  by  them  in  the  better  illustration -^f 
the  texts  that  their  scholars  follow.  Innumemble  examples  of  escarpments  in 
other  countries  might  he  introduccnl  in  illustration  of  various  styles  and  stast-so^ 
development.  Then*  is  the  double  esi'arpinent  of  the  oolite  and  the  chalk,  hr 
wliich  Kngland  is  divide  I  into  a  formerly  wealthier  agricultural  community  on  tin* 
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southeast,  and  a  now  wealthier  mining  and  manufacturing  community  on  the 
northwest.  There  are  the  encircling  escarpments  by  which  the  Paris  basin  is 
partly  enclosed,  exhibiting  in  the  neighborhood  of  Chalons  and  Rheims  some  most 
lx.»autiful  examples  of  river  adjustment  in  structures  of  this  kind.  There  is  the 
f^reat  escarpment  that  is  retreating  southeastward  in  Wurtemberg  from  the  plateau 
of  tlie  Black  forest  in  Baden. 

With  change  of  dip  in  the  strata  on  which  the  escarpment  is  develoi)ed,  we  pass 
from  examples  of  horizontal  structure  to  others  of  more  and  more  tilted  structure. 
Under  the  first  of  this  series,  we  find  initial  escari>tnents  in  the  walls  of  the  Grand 
i-aii yon  of  the  Colorado,  and  almost  extinifuished  escarpments  in  those  sandstone- 
<*sil>|>ed  huttes  which  are  so  common  on  the  Great  plains,  with  innumerable  exam- 
ples at  intermediate  stages.  In  stnictures  of  a  more  decided  dip  the  escarpment 
IxK-omes  a  ridge,  and  the  waterways  through  it  become  water-gaps,  like  those  of 
Pennsylvania  and  further  southwest.  Thus  introduced,  these  typical  transverse 
valleys  may  be  easily  understood,  and  a  proper  understanding  of  the  relations  of 
longitudinal  and  transverse  valleys  may  gradually  supplant  the  misunderstanding 
"now  so  generally  current. 

With  the  more  complete  retreat  of  an  escarpment  the  frequently  unconformable 
foundation-mass  is  revealed,  and  way  Ls  thus  opened  for  the  explanation  of  super- 
I>ofied  rivers  and  valleys,  of  which  we  have  so  many  interesting  examples  in  the 
eastern  part  of  the  country.  Thus  so  simple  a  matter  as  our  coastal  ridges  may 
lea<i  into  a  great  variety  of  relations  and  over  a  great  i>art  of  the  world. 

In  the  same  way  there  is  the  question  of  the  typical  meanders  of  rivers  on  tlieir 
flooii-plains  and  the  inherited  meanders  of  rivers  in  deep  goi^ges,  of  which  many 
examples  might  be  quoted.  The  whole  problem  of  baseleveling  and  massive  eleva- 
tion is  thus  encountered.  Again,  there  are  those  peculiar  small  rivers  following 
lar^e  valleys,  so  aberrant  from  the  normal  river  system,  in  which  a  just  proportion 
V>etween  the  river  and  its  valley  is  precisely  observed.  With  these  one  of  the 
many  entrances  to  the  glacial  problem  is  effected.  The  variety  of  illustrations  of 
the  theme  is  endless ;  it  is  only  a  question  of  the  number  of  pages  that  should  be 
here  allotted  to  it. 

Rejwrts  of  the  kind  thus  indicated  might  not  be  frequently  consulted  by  the  pro- 
fessional geologist,  the  mining  engineer  or  the  paleontologist,  but  they  would  con- 
stitute attractive  chapters  to  a  great  number  of  inquiring  teachers.  They  might 
even  attract  the  attention  of  non-professional  but  intelligent  citizens  who  would 
r)therwise  know  of  the  state  survey  reports  only  as  odd  volumes,  received  occa- 
sionally from  the  local  representative  in  the  legislature  and  stowed  away  in  the 
under  part  of  a  bookcase.  It  is  certainly  desirable  that  the  interested  attention  of 
many  persons  should  be  drawn  thus  to  the  reports  of  the  surveys  in  order  to  create 
a  strong  public  sentiment  for  their  steady  continuance.  While  the  teachers  of  a 
state  are  not,  as  a  rule,  of  great  political  influence,  it  is  only  their  own  fault  if  they 
cannot  make  themselves  heard  where  their  own  interests  are  involved.  I  believe 
that  they  would  make  themselves  heard  if  their  interest  were  once  awakened  in 
this  question,  and  that  there  is  no  other  division  of  the  community  that  can  at 
once  serve  and  be  served  by  the  stat«  surveys  so  effectually. 

In  order  to  gain  a  sufficient  circulation  of  the  geographical  chapters  of  the  sur- 
vey's annual  reports  an  arrangement  should  be  entered  into  with  the  superin- 
tendent!} of  public  instruction  whereby  these  chapters  shouM  be  reprinted  in  the 
public  school  reports,  and,  if  ixissible,  struck  off  as  *' separates"  for  general  dis- 
tribution to  all  high-school  teachers.     If  well  written  and  well  illustrated  they 
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could  not  fkil  to  create  a  demand  for  more  material  of  the  same  kind.  Latrr  iv- 
portfi  in  smreeding  years  would  be  looked  for  ^ith  exiwctant  interest.  Th*»  m)*- 
ject  of  school  geography  would  be  greatly  enriched ;  the  enriching  influenct^  ntxjl ! 
work  downward  into  tlie  lower  Rchools;  it  would  in  time  make  its  appearwuv  in 
new  text  books.  The  new  geography  would  hardly  l)e  recognized  by  thcjjse  wl." 
had  studied  only  the  old  geography,  in  which  merely  degcriptive  or  statii«tical  ac- 
counts of  boundaries,  capes,  river  branches  and  mountain  heights  constitute  t<« 
large  a  proportion  of  the  subjiM^t-matter. 

The  cost  of  an  effective  geographical  chapter  in  an  annual  report  need  hardly  W 
80  great  as  to  be  prohibitive.  A  month  or  two  of  field  w^ork  and  perhaps  as?  minb 
more  in  office  work  should  suffice  for  an  experimental  beginning.  The  proci>^- 
of  outdoor  photography  and  of  reproduction  of  photographic  plates  are  now  ?» 
greatly  simplified  and  cheapened  that  good  illustrations  are  within  reach  at  nK-i- 
erate  expense.  The  report  once  prepared,  the  cost  of  striking  off"  additional  thou- 
sands of  reprints  is  relatively  trifling. 

It  has  been  suggested  that  work  of  this  kind  could  not  be  undertaken  by  reason 
of  the  want  of  geographical  assistants.  Such  a  want  would  not  exist  long  if  it  were 
announced.  Ten  or  fifteen  years  ago  there  were  no  petrographers.  Xow  the  edu- 
cational market  is  wx^ll  stocked  with  them,  and  the  change  shows  how  prompt  th^ 
educational  supply  will  resjK)nd  to  the  professional  demand.  There  is  no  reason 
to  think  tliat  a  demand  for  geographical  assistants  would  not  be  met  in  a  few  year*. 
Competition  would  soon  improve  the  quality  if  it  were  not  high  enough  at  first. 

It  is  of  course  not  to  be  expecteil  that  geographical  work  will  be  taken  up  hir^i»ir 
at  once.  Some  of  the  state  surN'eys  might  not  be  allowed  to  undertake  it  by  tbt- 
terms  of  the  law  under  which  they  are  now  working.  Others  might  be  fully  en- 
gaged in  certain  problems  fn^m  which  they  could  not  for  some  time  spare  either 
men  or  money ;  but  among  them  all  it  is  to  be  hoped  that  a  few  may  in  the  courge 
of  the  next  year  or  two  enter  on  this  attractive  and  popular  field,  feeling  their  way. 
as  it  were,  in  the  public  mind.  For  one,  I  feel  confident  that  the  public  mind  will 
welcome  their  work. 

The  next  paper  by  the  same  author  was  illustrated  by  lantern  view?. 

FACETTED  PEBBLES  O.V  CAPE  COD 
BY    WILLIAM    M.    DAVIS 

The  paper  was  discussed  by  (t.  K.  Gilbert,  N.  S.  Shaler  and  the  author. 
An  abstract  of  the  paper,  with  the  discussion,  is  published  in  The  Ameri- 
can Geologist,  volume  xiii,  February,  1894,  pjige  146.  The  full  paperiV 
published  in  the  Proceedinjrs  of  the  Boston  Society  of  Natural  History, 
volume  xxvi,  1893,  pages  lGG-175. 

The  lantern  views  in  illustration  of  the  next  pajjer  were  presented  1'** 
Professor  Davis,  and  the  sections  and  maps  by  Mr  GrLswold. 

EASTERy  BOUyDARY  OF  THE  COyyECTICUT  TRIASSIC 
BY  W.  M.  PA  VIS  AND  L.  S.  CJRISWOLD 

This  paper  is  printed  as  paircs  ol5-oo0  of  tliis  volume. 
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The  following  paper  was  read  by  title : 

PALEOZOIC  INTRA'FORMATlOyAL  COyo  LOME  RATES 
BY  CHARLES   D.  WALCOTl' 

This  paper  is  printed  as  pages  191-198  of  this  volume. 

The  Society  then  adjourned  for  the  day.  In  the  evening  the  annual 
dinner  was  served  at  the  Thorndike  hotel.  Brief  speeches  were  made 
by  the  greater  number  of  Fellows  in  attendance  at  the  meeting. 


Session  of  Friday,  December  29 

The  Society  was  called  to  order  at  10  o'clock  a  m  in  the  hall  of  the 
Boston  Society  of  Natural  History,  President  Dawson  in  the  chair. 

The  Secretary  read  the  following : 

REPORT  OP  THE  COUNCIL 

To  the  Geolog^ical  Society  of  America, 

in  Sixth  Animal  Meeting  assembled : 

During  the  past  year  the  Council  has  held  three  meetings ;  one  at 
Ottawa  in  conjunction  with  the  winter  meeting  of  the  Society,  at  which 
four  sessions  were  held,  but  not  a  quorum  of  the  Council  present.  In 
April  a  meeting  was  held  in  Washington,  with  the  President  and  a  quo- 
rum present;  and  the  summer  meeting,  with  three  sessions,  was  held  in 
August  in  Madison,  Wisconsin. 

The  work  of  administration  of  the  Society  will  be  shown  in  the  follow- 
ing rei>orts  of  the  officers : 

Secretary's  Report 

To  the  Council  of  the  Geological  Society  of  America  : 

A  large  part  of  the  work  of  the  Secretary  becomes  evident  to  the  Fel- 
lowship in  the  regular  course  of  administration  through  receipt  of  printed 
matter.  The  correspondence  is  large,  about  500  letters  having  been 
written  during  the  year.  It  has  become  necessary  to  employ  a  stenog- 
rapher regularly  for  part  of  each  day. 

Membership. — During  the  past  year  the  Society  has  fortunately  lost  no 
Fellows  by  death.  The  latest  printed  roll  of  membership  bears  the 
names  of  233  living  and  nine  deceased  Fellows.  At  the  Madison  meet- 
ing five  men  were  elected  and  all  have  qualified,  as  follows :  Sandford 
Fleming,  C.  11.  Gordon,  C.  A.  Hollick,  T.  C.  Weston,  A.  A.  Wright.  By 
application  of  the  rules  the  names  of  eleven  Fellows  may  be  dropped 
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from  the  roll  for  non-payment  of  dues.  Two  resignations  have  heeu 
accepted.  Four  candidates  for  Fellowship  are  now  before  the  S<K'ifty. 
and  fourteen  nominations  are  awaiting  action  by  the  Council. 

Bulletin  DUftribution. — With  volume  2  the  plan  of  binding  the  whojt 
edition  in  brochure  covers  was  discontinued.  Of  volumes  3  and  4  only 
250  copies  of  each  brochure  were  bound,  besides  the  30  copies  for  tlit- 
author.  The  remainder  of  the  edition  wtis  held  in  sheets  and  distribut>-«l 
to  the  subscribers  and  exchanges  entirely  unbound.  In  every  way  this 
is  a  more  economical  and  convenient  plan,  and  the  forms  are  in  perfect 
condition  for  volume  binding.  As  will  be  seen  in  the  following  table  th<- 
losscs  of  brochures  have  been  reduced  to  a  minimum,  and  the  fivecopit^ 
of  each  brochure  at  present  left  over  have  proved  sufficient  to  meet  de- 
mands of  sales  and  deficiencies. 

The  Secretary's  books  show  the  disposition  of  every  volume  and  exery 
brochure  that  has  left  his  possession. 

The  brochure  plan  of  publication  seems  to  meet  with  general  approval. 
No  criticisms  of  the  plan  have  been  received.  However,  the  majority  of 
subscribers  prefer  to  receive  the  volume  complete.  Nine  "  exchange?  ' 
in  the  United  States  and  one  in  Canada  receive  the  brochures,  and  twenty- 
one  libraries  in  the  United  States. 

The  following  tables  show  the  disposition  of  the  four  published  vol- 
umes : 

Buli^tin  Distribution  from  tlie  Secretary's  Office  during  1891-1893 

COMPLETE   VOLUMES 

Vol.  1.        Vol.  2.        Vol.  :i.        Vol  1 

In  reserve 90  334  380(?)  3.<'>;) 

Donated  to  institutions  ("  exchanges  " ) 82  82  81  SI 

Held  for**  exchanges*' 9  9            10  10 

Sold  to  libraries,  etc m  64  61  57 

Sold  to  Fellows 12  10             4 

Sent  to  l^ellows  to  supply  deficiencies 2  1              1 

Donated 4  4             2             1 

Bound  for  office  use 2  2             2            - 

Distributed  to  Fellows  in  brochures  as  issued 20J>  214 

Number  of  complete  copies  received 264  506  750{?)     75' J,:*! 

BROCIirRES 

Vol.1.        Vol.  2.        Vol.3.        VoU 

Sent  to  Fellows  to  sui)ply  deficiencies 44  1(19  23  H 

Sent  to  libraries  to  supply  deficiencies 7  3  i 

Sold  to  Fellows 6  7  1  3 

Sold  to  the  public 6  18  5  7 

In  explanation  it  should  be  said  that  the  edition  of  volume  1  was  only 
five  hundred  copies,  and  that  the  first  two  volumes  were  sent  to  tin* 
Fellows  directly  from  the  printers ;  also  that  the  stock  of  volumes  3  aii'l 
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4  have  not  been  wholly  unpacked.  It  is  found  more  convenient  to  make 
the  tables  cover  the  whole  distribution  from  the  Secretary's  office  during 
the  three  years.  A  comparison  of  last  year's  report  with  this  will  give 
the  details  for  the  past  year. 

Subscribing  InstitiUions, — At  different  times  circulars  descriptive  of  the 
Bulletin  and  offering  it  at  the  five-dollar  rate  have  been  sent  to  most  of 
the  libraries  in  America  and  Europe.  A  few  orders  have  been  received 
from  foreign  book  dealers.  Some  of  these  orders  may  be  for  individuals, 
as  the  price  to  persons  living  outside  of  this  continent  was  lately  reduced 
to  five  dollars.  The  known  subscribers  are  all  in  the  United  States. 
Upon  the  books  of  the  Secretary  there  are  44  permanent  subscribers,  26 
receiving  the  volumes  complete  and  18  the  brochures.  The  books  also 
bear  the  names  of  14  institutions  or  dealers  which  have  made  special 
or  limited  subscriptions;  usually  for  single  volumes,  in  advance.  The 
orders  which  have  been  received  for  volumes  previously  published  are 
not  here  included. 

Bulletin  Saks. — The  Secretary's  books  show  the  details  of  the  sales  of 
the  Bulletin.  The  receipts  are  deposited  with  the  Security  Trust  Com- 
pany, subject  to  the  check  of  the  Treasurer,  and  draw  4  per  cent  interest. 
The  financial  result  is  given  in  the  following  table : 

Receipts  from  Sale  of  BullHin  during  1893. 


BY  SALE 

OF  COMPLETE   VOLUMES. 

Vol.  1. 

Vol.  2. 

Vol  3. 

Vol.  4. 

Total. 

From  Fellows 

$4  50 

$4  50 

$12  00 

$21  00 

From  libraries,  etc . . . 

45  00 

45  00 

150  00 

$195  00 

4a5  00 

Total  for  1893.... 

49  50 

49  50 

162  00 

195  00 

456  00 

By  last  report  (1892).. 

2^M)  60 

29(3  50 

146  50 

15  00 

757  60 

Total  to  date $349  10      $346  00      $308  50  $205  00                    $1,213  60 

BY   SALE  OF  BROCHURES. 

Vol.1.             Vol.  2.             Vol.  3.  Vol.  4.            Total. 

From  Fellows $1  25  $2  35  $0  30        $3  90 

From  the  public 6  45            3  65               75  $4  70          15  55 


Total  for  1893. ...         7  70            6  00            1  05            4  70  19  45 

By  last  report  (1892)..        4  55  6  05  2  65        13  25 

Total  to  date $12  25        $12  05         $3  70         $4  70  $32  70 


Grand  total $1,246  30 

Received  for  volume  5,  in  advance 15  (X) 


Total  receipts  to  date $1,261  30 

Amount  charj^ed  and  uncollected  (mostly  volume  4) 131  50 

Total  Bulletin  sales  to  daU» $1,392  80 
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Exchanging  Institutions. — The  Council  in  1891  prepared  a  list  of  institu- 
tions to  which  the  Bulletin  was  offered  as  a  gift.  Eighty-one  institution-; 
have  accepted  the  volumes.  The  list  should  soon  be  published,  with  a 
description  of  the  considerable  literature  that  they  have  sent  to  the  s?tv 
ciety.  The  purpose  of  the  Council  being  to  place  the  Bulletin  so  a.s  tu 
make  it  accessible  to  geologists  the  world  over,  the  institutions  are  widely 
distributed,  as  follows:  United  States,  15;  British  America,  7;  South 
America,  3;  Great  Britain  and  Ireland,  8;  Europe,  37;  Asia,  3;  Africa, 
1 ;  Australasia,  6;  Hawaiian  Islands,  1. 

Cost  of  Administration, — The  work  of  the  Secretary's  office  is  conduct^*! 
with  scrupulous  regard  for  economy  and  the  interests  of  the  Society.  .V 
minute  account  is  kept  of  all  expenses,  and  with  each  bill  is  sent  a  tran- 
script of  the  book  account.  The  account  is  absolutely  distinct  from  that 
of  money  received  for  the  Bulletin.  A  set  of  liooks  shows  each  day  the 
condition  of  the  various  departments.  The  following  statement  cover? 
the  fiscal  year  of  1893  as  nearly  as  can  be  made  without  dividing  single 
vouchers : 

ExpendUure,  of  Secretary's  Office  for  tfie  Soeletp's  Ftwa!  Year  {approximnteUj) ,  NorfmUr 
80,  1892,  to  Novemher  SO,  1S9S 

ACX'OUNT  OF  ADMINISTRATION 

Clerk $87  26 

Traveling  and  hotel 118  43 

Postage  and  telegrams 36  88 

Stationery  and  records 21  83 

Printing 96  05 

Meetings • 27  35 

Library 2  75 

Total  for  Secretary $390  55 

Printing  for  the  Treasurer 2  00 

Total $31)2  V> 

ACXOUNT  OF  BULLETIN 

Postage $123  60 

Expressage 79  56 

Envelopes  and  wrapping 25  70 

Printing 35  55 

Collection  of  checks 1  95 

Total  for  Secretary $266  36 

Printing  and  binding  for  the  Editor 6  75 

Total $27311 

Total  expenditure $6«>)  ^ 
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Work  of  the  Society. — The  following  table  includes  the  papers  and  ab- 
Htracts  of  papers,  of  whatever  length,  printed  in  the  four  completed 
volumes  of  the  Bulletin.  The  few  titled  not  accompanied  by  descriptive 
matter  or  discussion  are  not  included.  As  such  a  classification  of  papers, 
many  of  them  being  of  a  general  or  composite  character,  must  vary 
somewhat  with  the  individual  judgment,  the  table  cannot  be  regarded 
as  wholly  accurate.  It  may  indicate  approximately  the  attention  given 
to  different  branches  of  geologic  science. 

CUuitifieation  of  Papers  and  AbntrdciJ^  cotHa'nutd  in  the  Bulletin ^  VoUnnea  1-4. 

Ciiaracter  of  Papers.  Number  of  Prtpers. 

Biographic  and  Historical 11 

Phynical  and  Structural  Geology 27 

<  rlacial  Geology 21 

Stratigraphic  Geology: 

Archean  {pre-Paleozoicj 8 

Paleozoic 19        ' 

Meaozoic 11 

Tertiary 10 

Pleistocene 12 

00 

Paleontologic  Geology : 

Paleozoology 15 

Paleol)otany 5 

20 

Lithologic  and  Mineralogic  (ieology 18 

Physiographic  Geology ; 4 

Cartographic  Geology 2 

A  rcheologic  Geology 1 

p>onomic  Geolog>' 8 

Total  number 172 

Respectfully  submitted, 

H.  L.  Fairchild, 

Secretarij, 
Rochester,  N.  Y.,  Decemher  22,  ISOS, 
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Treasurer'h  Report 

To  the  Oouncil  of  the  Geological  Society  of  America  : 

In  accordance  with  the  By-Laws,  a  condensed  statement  of  the  oi^era- 
tions  of  the  Treasury  for  the  year  endmg  November  30,  1893,  is  hereby 
submitted : 

RECKIITB 

Balance  in  Treasury  November  30,  1892 $G01  15 

184  Fellowship  fees 1,840  00 

Initiation  fees,  8 8000 

Interest  on  investments 150  15 

Sales  of  publications 598  a"> 

Assessments  on  cost  of  publications 2  00 

Bank  time  certificates  cashed . .  588  55 

$3,85i»  9(» 

DISBURSEMENTS 

Expenses  of  Secretary's  otlice :  * 

On  awount  of  administration J?308  45 

On  account  of  Bulletin    245  80 

$014  25 

Expenses  of  Editor's  office 36  95 

Printing  account,  circulars,  ct  cetera 11  50 

Bulletin  publication : 

Printing  account 1,674  19 

Engraving  account 175  25 

Photograph  account 1 1  67 

Investment  account 700  00 

A.  H.  Cole  on  account  of  error  in  assessment  of  last  year 3  00 

13,226  SI 

Balance  in  Treasury  November  30,  1893 $63:n>!' 

Respectfully  submitted, 

I.  C.  White, 

Treoinirer. 
Eorroa's  Report 

To  the  Council  of  the  Geological  Society  of  America: 

The  duties  of  editor  were  assumed  by  me  in  January,  1893,  the  position 
having  been  accepted  subject  to  the  condition  that  if  I  should  be  absent 
in  Europe  several  months  on  official  business  the  work  was  to  be  carried 
on  by  the  former  editor,  Mr  McGee.     This  absence  became  necessary. 

♦The  fijfurfts  given  for  this  item  in  the  Treasurer's  report  are  for  expenses  paid  np  to  NoTPml**-' 
:M).  The  figures  given  in  the  Secretary's  report  innhide  expenses  incurred  up  to  Noveinl«er3f>. Al- 
though palil  hUor;  aho  two  item**  for  Treasurer  and  Editor. 
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and  volume  4,  which  has  been  issued  during  the  past  year,  was  editori- 
ally the  joint  product  of  Mr  McGee  and  myself. 

A  contract  was  made  with  Judd  &  Detweiler,  of  this  city,  at  reduced 
rates,  for  the  composition  and  press-work  of  volume  4,  and  as  their  work 
has  been  unusually  satisfactory,  the  contract  has  been  continued  for 
volume  6. 

It  has  not  been  found  practicable  to  make  a  contract  with  an  engrav 
ing  company  for  the  reproduction  of  illustrations.  The  cost  of  such 
reproduction  is  a  variable  quantity,  conditioned  by  the  character  of  the 
object  to  be  reproduced.  The  services  of  the  Moss  Engraving  Company 
were  continued  for  volume  4,  and  a  rigid  supervision  was  exercised  over 
both  the  character  of  their  work  and  the  prices  charged,  and  it  is  believed 
that  good  results  were  obtained  at  rates  that  compare  favorably  with  the. 
usual  market  prices. 

For  volume  5  the  attempt  has  been  made  to  secure  even  better  results 
at  cheaper  rates.  Thus  far  two  pieces  of  line  work  have  been  submitted 
to  the  Standard  Engraving  Company  of  Washington,  D.  C.  The  cuts 
have  been  satisfactory  both  in  quality  and  cost. 

The  cost  of  each  of  the  four  volumes  thus  far  issued  by  the  Society  is 
as  follows: 

Vol.1.  Vol.2.  Vol.3.  Vol.4, 

(pp.  693;  pi.  13.)        (pp.  r>C2 ;  pi.  23.)        (pp.  Ml ;  pi.  10.)        (pp.  458  ;  pi.  10.) 

letter-press $1,473  77  $1,1)92  52  $1 ,535  59  $1,286  39 

Illustrations 291  85  463  G5  383  35  173  25 


$1,765  62  $2,456  17  $1,918  94  $1,459  6-1 

The  last  brochure  of  volume  4  went  to  press  September  23. 

Up  to  the  date  of  this  report  70  pages  of  volume  5  have  been  pub- 
lished. These  70  pages  represent  the  "  Proceedings  of  the  Madison 
Meeting,"  and  Professor  Stevenson's  paper,  '*  Origin  of  the  Pennsylvania 
Anthracite."  This  last  paper  was  issued  November  22,  since  which  time 
no  material  has  been  received  from  members  for  ])ublication. 

I  feel  it  to  be  a  duty  which  I  owe  to  the  administration  of  the  office  of 
Editor,  as  well  as  to  the  best  interests  of  the  Society,  to  urge  upon  the 
Fellows  the  desirability  of  putting  their  manuscripts  in  the  best  possible 
form  before  presenting  them  for  publication.  The  task  of  editing  the 
mass  of  material  which  the  Society  annually  puts  through  the  press  is 
not  a  light  one,  and  its  arduousness  can  be  greatly  curtailed  by  the  author 
furnishing  at  least  legible  manuscript.  Aside  from  this  consideration,  it 
is  of  great  advantage  to  authors  themselves  by  promoting  accuracy  in  the 
publication  of  their  papers.  There  arc  many  proper  names,  technical 
tenns,  citations  and  quotations  with  which  even  an  editor  may  not  be 
personally  acquainted  or  which  he  may  not  be  able  to  verify,  and  if  the 
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manuscript  haa  been  carefully  prepared  and  proof  read  by  the  authc^r 
much  time  and  many  errors  will  be  saved.  The  question  of  rapid  pub- 
lication affecting  the  interests  of  the  Society  is  also  involved,  and  from 
every  standpoint  the  editor  ha)3  a  right  to  demand  from  members  all  the 
aid  which  can  result  from  carefully  prepared  manuscripts. 
Respectfully  submitted, 

J.  Stanley-Brown, 

Editijr. 
Washington,  D.  C,  December  18,  189S. 

The  Council  submits  to  the  Society  the  following  recommendation> : 

(1.)  In  consideration  of  his  eminent  services  to  the  Society  in  estal)- 
Hshing  the  Bulletin  and  in  editing  the  first  three  volumes  thereof,  the 
Council  recommends  that  Mr  W  J  McGee  be  elected  a  Life  Member  of 
the  Society. 

(2.)  The  Council  recommends  that  the  Editor  be  paid  an  annual  sum 
of  $160,  the  same  to  cover  clerical  assistance,  postage,  expressage,  sta- 
tionery, traveling  exi)enses  and  hotel  expenses  at  the  meetings,  and  all 
other  expenses  incidental  to  the  office  of  Editor. 

(3.)  The  Council  reconnnends  that  an  annual  payment  be  made  to  the 
Secretary  of  $300,  the  same  to  cover  personal  expenses  for  clerical  aiwist- 
ance  and  attendance  upon  meetings  of  the  Council  or  the  Society. 
Respectfully  submitted, 

The  Council. 

The  Council  Report  was  as  a  whole  adopted  by  unanimous  vote. 

The  Secretary  presented  a  communication  relating  to  a  propose<l  ex- 
ploration of  EUesmere  Land,  in  the  Arctic  ocean,  accompanied  by  a 
recommendation  from  the  Council  that  the  Society  approve  the  project. 
The  matter  was  discussed  and  finally  by  vote  referred  back  to  tlu' 
Council. 

Professor  I.  C.  Russell,  Chairman  of  the  special  committee  on  the  mut- 
ter of  observations  of  glaciers  proposed  by  the  Alpine  Club,  made  an  oral 
report  and  the  committee  was  discharged  at  its  own  request. 

The  following  resolution  was  referred  to  the  Council : 

Resolvedf  That  the  Council  be  requested  to  consider  me^ns  of  expediting  tlw 
formal  business  matters  usually  presented  at  the  meetings  of  the  Society. 

For  the  Auditing  Committee,  L  C.  Russell  reported  the  Treasurer^ 
accounts  as  correct.  The  report  was  adopted  and  the  committee  dis- 
charged. 
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The  annual  address  of  the  President  was  read  from  the  chair : 

SOME  RECENT  DISCiSSlOXS  IN  OEOLOQY 
ANNUAL  ADDRE88   BY   THE   PRESIDENT,   SIR   J.    WILLIAM    DAWSON 

This  address  is  printed  as  pages  101-116  of  this  volume. 

Following  the  address  by  the  President  the  papers  announced  upon 
the  printed  program  were  taken  up,  and  the  first  one  in  order  was — 

THE  CRETACEOUS  FAUNAS  OF  THE  SUA8TA-CUIC0  SERIES 
BY  T.    W.    STANTON 

Remarks  upon  the  communication  were  made  by  Alpheus  Hyatt  and 
Henry  M.  Ami.  This  i)aper  was  combined  with  the  one  by  J.  S.  Diller, 
entitled  The  Shasta-Chico  Series,  and,  under  their  joint  authorahip  and 
the  latter  title,  was  printed  as  pages  434-464  of  this  volume. 

The  next  paper  was — 

OEOLOGY  OF  PARTS  OF  TEXAS,  INDIAN  TERRITORY  AND  ARKANSAS  ADJACENT 

TO  RED  RIVER 

BY  ROBERT  T.   HILL 

The  paper  is  printed  as  pages  297-338  of  this  volume. 

During  the  reading  of  Professor  Hill's  paper  a  recess  was  taken  for 
dinner. 

Tlie  following  par)er  was  read  by  title : 

GEOLOaiCAl.  SKETCH  OF  LOWER  CALIFORNIA 
BY   8.    K.    EMMONS    AND   (J.    P.    MERRILL 

This  paj)er  is  printed  as  pages  489-014  of  this  volume. 

In  the  absence  of  the  author  the  following  paper  was  read  in  abstract 
by  W.  M.  Davis : 

ORIGIN  AND  CLASSIFICATION  OF  THE  GREENSANDS  OF  NEW  JERSEY 
BY   WILLIAM    B.    CLARK 

This  i)aper  is  published  in  the  Journal  of  Geology,  volume  ii,  1894, 
pp.  161-177. 
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The  following  paper  was  read  by  title : 

CRUST AL  ADJUSTMENT  IN  THE  UPPER  MISSJSSJPPI  VALLEY 
BY   CHARLES  KOLLIN    KEYES 

This  j>aper  is  printed  as  pages  231-242  of  this  volume. 
The  next  paper  was — 

A  GEOLOGICAL  STUDY  OF  LAKE  MOHONK  AND  LAKE  MINNEWASKA,  NEW  YORK 

BY   WILLIAM    U.    NILES 

Remarks  were  made  by  M.  R.  Campbell  and  N.  S.  Shaler. 

The  following  paper  was  presented  by  Professor  Richards,  of  the  Insti- 
tute of  Technology,  who  was  introduced  to  the  Society  by  Profe&jor 
Niles : 

A  PRISMATIC  STADIA  TELESCOPE 
BY   ROBERT   H.    RICHARDS 

Remarks  were  made  upon  the  paper  by  H.  F.  Reid.  The  paper  is 
published  in  The  Journal  of  the  Association  of  Engineering  Societiw, 
volume  xiii,  January,  1894. 

The  following  two  papers  were  read  conjointly : 

ORIGIN  OF  THE  COARSELY  CRYSTALLINE  VEIN  GRANITES  OR  PEGMATITES 
BY   WILLIAM   O.    CROSBY 

Remarks  were  made  by  Alfred  C.  Lane  and  the  President.  An  abstract 
is  published  in  The  American  Geologist,  volume  xiii,  March,  1894,  paj;e 
215. 

A    CLASSIFICATION  OF  ECONOMIC  GEOLOGICAL  DEPOSITS,  RASED  UPON  ORIOJS 
AND  ORIGINAL  STRUCTURE 

BY    WILLIAM    O.    CROSBY 

This  paper  is  published  in  full  in  The  American  Geologist  for  April. 
1894,  pages  249-268.  It  will  also  appear  in  a  future  issue  of  the  "  Tech- 
nology Quarterly." 

The  following  paper  was  read  by  title : 

LAKE  CA  YUGA  A  ROCK  BASIN 
BY   RALPH   S.    TARR 

This  paper  is  printed  as  pages  339-350  of  this  volume. 
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The  next  paper  was  read,  in  the  absence  of  the  author,  by  L.  S.  Gris- 
wold : 

PLEISTOCENE  PROBLEMS  IN  MISSOURI 
BY   JAMES   E.    TODD 

This  paper  is  printed  as  paojes  531-548  of  this  volume. 
The  last  paper  of  the  afternoon  session  wais  the  following : 

REMARKS  UPON  A  SUPPOSED  GLACIATED  STONE  AXE  PROM  INDIANA 
BY   G.    FRKDERICK  WRIGHT 

Remarks  were  made  by  W.  H.  Niles,  T.  C.  Chamberlin,  the  President 
and  others.  A  notice  is  published  in  The  American  Geologist,  volume 
xiii,  1894,  page  217. 


Session  of  Friday  Evening,  December  29 

The  Society  convened  at  8  o'clock.  President  Dawson  presiding. 

The  following  five  papers  were  read  without  interruption,  and  discus- 
sion reserved  until  all  of  them  were  before  the  Society. 

PSEUDO'COLS 
BY  T.  C.  CHAMBERLIN 

An  abstract  of  this  paper  is  ])ublished  in  The  Journal  of  Geolog}'',  vol- 
ume ii,  page  205,  and  in  The  American  Geologist,  volume  xiii,  March 
1894,  page  217. 

The  second  paper  was  read  by  the  senior  author. 

CERTAIN  FEATURES  OF  THE  PAST  DRAINAGE  SYSTEMS  OF  THE  UPPER  OHIO 

BASIN 

BY  T.  0.  CHAMBERLIN   AND   FRANK   LEVERETT 

An  abstract  of  this  paper,  with  the  discussion,  is  published  in  The 
American  Geologist,  volume  xiii,  March,  1894,  page  217. 

The  third  paper  was : 

GLACIAL  HISTORY  OF  WESTERN  PENNSYLVANIA 
BY  G.  FREDEUICK  WRIGHT 

An  abstract  of  this  paper  is  published  in  The  American  Geologist, 
volume  xiii,  March,  1894,  page  219. 
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The  fourth  paper  was  read  by  title. 

THE  AyclENT  STRAIT  AT  NIPISSING 
BY  F.  B.  TAYIX)R 

Cotiienta. 

Introduction ^-' 

Benches *'-'' 

The  Nipissing  Beach •^-• 

Beachea  at  higher  Levels **-'- 

Thibeault  Beach  ^ ^^ 

McEwen  Beach —  '"-^ 

Nelson  Beach -  **"•- 

The  unsubmerged  Area ^' 

The  south  Shore  of  the  Stiait '^-^ 

The  Ohnaping  Delta '^* 

Ancient  Nipissing  Island -  *"'• 

Conclusions —  *- 

Introdittiox. 

One  of  the  most  interesting  and  significant  chapters  of  modern  geologic  re:?eaiv!j 
in  America  has  heen  the  gradual  unfolding  of  the  story  of  jx)stglacial  changes  «»f 
the  Great  lakes.  Deserted  shorelines  have  l>een  traced  with  more  or  less  continuity 
around  all  their  coasts  and  several  abandoned  outlets  are  already  well  known.  It 
was  my  privilege  recently  to  visit  the  site  of  one  of  these  and  bestow  some  stmly 
on  its  appearance  and  surroundings.  First  in  August,  and  again  in  September  of 
the  season  just  past,  I  went  to  North  bay,  in  the  Province  of  Ontario,  to  nee  tlu* 
country  in  the  vicinity  of  the  ancient  outlet  at  lake  Nipissing.  In  August  I  wa.** 
accompanied  by  Dr  F.  Ravary  Pearce  of  Philadelphia.  It  is  the  object  of  thi;* 
jtt\l)er  to  give  a  short  description  of  what  was  observed  on  those  occasions.  On 
account  of  limited  time  and  the  roughness  of  the  country  it  wjis  not  possible  to 
make  more  than  a  brief  reconnaissance,  and  it  was  partly  because  o/the  indecisive 
results  of  the  first  visit  that  the  second  one  was  made. 

The  existence  formerly  of  an  outlet  for  the  Great  lakes  at  lake  Nipissing  lia-l 
been  regarded  by  me  as  an  established  fact;  but  it  was  still  an  oi>en  que:5tion 
whether  the  waters  of  the  great  jwstglacial  sul)mei*gence  rose  al>ove  the  level  of 
the  outlet  river.  The  only  information  on  the  subject  which  had  ever  come  to  wy 
knowledge  wa^s  from  a  conversation  with  Mr  G.  K.  Gilbert  at  Indianapolis,  in 
August,  1890.  Mr  Gilbert  had  then  just  returned  from  lake  Nipissing  and  had 
examined  the  bed  of  the  ancient  outlet.  He  expressed  his  belief  in  the  existeiuv 
of  the  river  and  added  that  he  thought  lie  saw  terraces  on  the  hills  back  of  >*orth 
bay  at  an  altitude  of  200  to  300  feet  above  the  lake,  but  that  he  had  not  examined 
them  closely.  This  agreed  in  a  general  way  with  an  hyi)othesis  which  I  ha»l  en- 
tertained for  some  time  previous  and  act^ording  to  which  I  had  estimated  the 
probable  height  of  the  highest  shoreline  at  lake  ?Cipissing  at  an  altitude  of  at  letu-t 
400  feet.     To  pursue  this  inquiry  was  the  chief  object  of  my  \isits. 

My  measurements'  were  made  with  an  aneroid ;  but  care  was  taken  t4>  determine 
the  weather  variation  and  eliminate  it  as  far  as  possible.  The  datum  for  the 
loi'alities  near  North  bay  was  the  Canadian  Pacific  railway  .«?tation  at  that  pbtv 
On  the  profile  of  the  road  this  is  given  as  (>.T>  feet  above  the  "  Summer  level  of 
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tlie  Saint  Lawrence  at  Montreal."  The  latter  I  found  by  Doctor  Spencer's  table  of 
altitudes  in  Canada  to  be  12  fec;t  above  liigh  tide  in  lake  Saint  Peter,  or  23  feet 
above  mean  tide  level,  making  tlie  station  at  North  bay  (>oS  feet  above  the  sea. 
The  level  of  lake  Nipissing  is  a  trifle  less  than  15  feet  l>elow  the  station,  but  accord- 
ing to  tlie  Canadian  Geological  Sun'ey  *  lake  Nipissing  is  (Uio  feet  above  sealevel. 
By  the  same  authority  it  is  stated  that  levels  were  run  from  Trout  lake  to  lake 
Nipissing,  showing  the  former  to  be  25  feet  above  the  latter,  an<l  that  the  height 
of  land  on  the  portage  from  Trout  lake  to  the  Riviere  a  la  Vase,  which  flows  into 
lake  Nipissing,  is  24i  feet  above  Trout  lake ;  l)ut  I  have  used  the  Canadian  Pacific 
railway  levels,  which  would  make  lake  Nipissing  alx)ut  20  feet  lower.  I  am  in- 
debted to  Mr  John  Bourke  of  North  bay  for  an  excellent  map  of  Widdifield  town- 
ship, which  contains  all  the  places  referred  to  near  North  bay.  The  location  of 
the  beaches  described  will  be  found  on  plate  20. 

Bk  ACHES. 
THK    NIPIRStSG    BKACH. 

At  Mr  Jessup's  house,  on  the  north  side  of  the  west  end  of  Trout  lake,  a  little 
more  than  four  miles  east- northeast  from  North  bay,  this  shoreline  may  be  seen 
as  a  delta- terrace,  filling  a  recess  in  the  hill  where  a  small  stream  enters.  It*s  front 
edge  is  about  50  feet  above  Trout  lake,  and  its  back  10  to  15  feet  higher.  At  this 
place  it  is  composed  mainly  of  gravel,  comparatively  fine  and  free  from  bowlders. 
From  this  point  westward  it  continues  with  the  same  strong  character  past  Chip- 
pewa creek  and  the  Teraisciimang  road,  which  is  as  far  as  the  ground  was  seen.  At 
the  foot  of  the  hill  west  of  Jeasups  the  terrace  becomes  a  narrow  shelf  close  to  the 
lake,  and  is  composed  of  a  mass  of  well  rounded  lK)wlders,  many  of  them  more  than 
a  foot  in  diameter.  For  more  than  half  a  mile  it  retains  this  form,  but  beyond  that 
it  gradually  loses  its  steepness  in  front  and  becomes  wider  and  finer  in  (X)mpo8ition. 
Toward  Chippewa  creek  it  widens  still  more  and  in  a  few  places  low  beach  ridges 
of  gi-avel  were  noticed  along  its  fnmt. 

About  a  mile  north  of  North  bay  the  flat^  en<i  abruptly  against  the  face  of  a  ter- 
race of  lK)wldery  drift.  This  terrace  is  a  small  plateau  which  project.^  southward 
about  a  mile  from  the  foot  of  a  high  hill.  It  is  probably  of  glacial  origin,  but  it 
has  been  largely  modified  by  tlie  later  action  of  waves,  and  possibly  also  to  some 
extent  by  the  flowing  water  of  the  abandoned  outlet  river.  Its  southward  front 
has  l)een  eroded  away  in  compamtively  recent  time,  for  it  is  still  a  steep,  fresh 
bluff:  Its  eastern  sloi)e  is  more  gradual  and  i.^  covered  by  a  series  of  well  fonned 
Ixjach  ridges,  which  may  Ikj  seen  to  gonfl  advantage  from  the  Temiscamang  road 
about  a  quarter  of  a  mile  north  of  the  water-tower.  The  fork  of  the  road  north  of 
the  tower  is  on  the  crest  of  the  plateau,  and  also  upon  a  gravel  beach  ridge  which 
extends  about  half  a  mile  northwest  from  that  iKiint.  The  altitude  of  this  ridge  is 
about  85  feet  above  the  station,  and  the  Temist^amang  road  follows  it  from  the  fork. 
The  Ijeach  at  the  fork  is  a  little  higher  than  the  terrace  at  Jessups,  but  not  more 
than  the  projier  difference  lietween  a  beach  and  a  terrace. 

I  did  not  see  the  slopes  at  corresponding  levels  south  of  the  old  channel,  except 
what  may  l>e  seen  from  the  train  near  Callendar.     At  that  place  there  is  appar- 


•As  quoted  in  the  "  Report  of  Com  m  ins  ion  on  Forest  Preservation  and  Nntional  Park,"  etcetera, 
Toronto,  1893,  p.  32. 
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ently  a  strong  shoreline  at  a  level  correj^ponding  to  that  on  the  north.  Mr  Boiirke. 
who  is  familiar  with  the  ground,  indicated  for  nie  the  place  of  a  coarse  gravel  ter- 
race  which  he  has  seen  on  the  south  side  and  which  marks  approximately  the 
narrowest  part  of  the  ancient  outlet. 

This  great  shoreline  is  more  strongly  developed  than  any  other  in  that  vicinity 
above  or  below  it,  unless  it  be  the  highest  line,  to  be  mentioned  later,  and  it  seenu* 
probable  that  it  marks  the  level  of  the  Great  lakes  during  the  era  of  the  active 
river  outlet  at  Nipissing.  Its  level  at  North  bay  is  about  743  feet  above  mean  title, 
or  160  feet  above  lake  Huron.  There  is  a  strongly  accentuated  Ijeach  like  this  a 
little  lower,  but  not  widely  departing  from  its  level,  at  many  places  fiarther  west 
along  the  shore  of  the  North  channel  and  the  south  side  of  lake  Superior.  For  twt> 
spaces  of  about  45  miles  each  on  the  Superior  shore  I  have  traced  it  eontinuoiiply. 
Its  rise  toward  lake  Nipissing  indicates  a  slight  uplift  of  the  land  in  the  vicinity 
of  that  lake,  which  miwt  have  taken  place  since  the  outlet  was  abandoned.  The 
existence  of  this  uplift  is  not  surprising,  in  view  of  the  marke<i  warping  of  tlie 
Ontario  highlands  farther  south. 

BBACHSS  AT  HIGHER  LEVELS. 

Besides  the  shoreline  ali*eady  descril)ed  in  connection  with  the  ancient  river 
outlet  there  are  well  developed  l^eaches  at  much  higher  levels  on  the  hills  north 
of  North  bay.  Faint  evidences  of  wave  motion  were  seen  at  various  intenuediaiv 
levels,  but  I  will  mention  here  only  those  which  are  well  formed  and  conspicuous 
as  shoreline  features. 

Thibi^auU  Bmrh.— Tyro  miles  straight  north  from  North  bay  the  road  ascends  the 
steep  face  of  Thibeaults  hill  to  an  altitude  of  about  .350  feet  above  the  station.  Half 
a  mile  or  more  beyond  is  Mr  Thibeault's  house,  at  the  corner  of  the  concession 
line  road.  Just  south  of  this  corner  the  road  crosses  a  l)each  which  is  composeii 
of  clean,  fine,  well-rounded  gravel.  It  extends  as  a  ridge  al)out  an  eighth  of  a 
mile  west-southwest  from  where  the  road  crosses  it,  and  to  the  ea.st  it  abuts  against 
stony  ground  at  a  slightly  higher  level.  On  the  east  side  of  the  road  it  has  been 
excavated  for  ballast,  and  its  composition  is  shown  to  be  typical  fine  beach  gravel. 
This  beach  is  about  345  feet  above  the  North  bay  station,  or  about  1,005  feet  above 
sealevel. 

In  passing  up  the  ravine  of  Chippewa  creek  on  the  Temiscamang  road  deep 
deposits  of  rounded  gravel  were  seen  which  are  probably  remnantspf  former  delta.*? 
of  the  stream  mtuie  at  successively  lower  levels  as  the  waters  subsided. 
n  McEaen  Beach. — Alx)ut  four  and  a  half  miles  northeast  of  North  bay  on  the 
Temiscamang  road  and  about  half  a  mile  north  of  Darcys  corner  is  a  l)each  rid«?e 
of  gravel  and  coarse  sand.  It  looks  like  the  edge  of  a  terrace  when  seen  from  the 
lower  ground  to  the  south,  but  on  near  approach  it  is  seen  to  be  a  distinct  ridge 
with  a  depression  behind  it.  Its  composition  is  disclosed  in  a  cut  at  the  roadside. 
It  is  a  composite  ridge  showing  two  or  three  lines,  but  not  very  distinctly.  It*' 
altitude  is  alx)ut  1,()90  feet  above  sealevel.  East  of  the  road  the  ground  is  well 
cleared  and  the  house  of  Mr  McEwen  is  built  uix)n  the  ridge.  This  ridge  aL*o 
passes  westward  through  the  property  of  iSlv  Tallent 

Xi'lsnn  Beach. — The  McEwen  beach  is  much  surpassed  by  another  less  than  half 
a  mile  farther  north  and  about  50  feet  higher.  This  is  the  highest  as  well  as  the 
strongest  and  best  develoixjd  beach  found  on  the  hills  north  of  lake  Nipissing. 
Its  altitu<le  is  about   1,140  feet  above  mean  tide.     The  house  and  bam  of  Mr 
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Nelson  are  built  on  it  east  of  the  road.  It  is  a  broad,  composite  beach  ridge  com- 
IMDsed  of  rounded  gravel,  rather  fine,  but  with  some  pebbles  and  a  few  cobbles.  To 
the  south  it  faces  in  a  series  of  steps  of  five  to  six  feet  each  over  the  McEwen  beach 
and  the  flat  beyond,  which  drops  at  a  distance  of  about  two  miles  by  a  deep  descent 
to  the  bed  of  the  ancient  river  channel.  I  learned  by  inquiry  that  this  gravel 
ridge  extends  westward  through  the  lands  of  Messrs  Elliott  and  Thomson  and 
probably  eastward  also  for  a  considerable  distance. 

The  Nelson  beach  is  in  contour  with  a  large  swampy  tract  north  of  it.  On  the 
Temiscamang  road  this  swamp  is  about  a  mile  wide,  but  with  two  or  three  insular 
patches  of  higher  ground  in  it.  On  the  front  of  the  former  mainland  on  the  north 
side  of  this  swamp  I  found  a  small  amount  of  washed,  rounded  gravel,  but  it  only 
reached  up  to  five  or  six  feet,  which  is  no  higher  than  the  top  of  the  Nelson  ridge. 

Thk  unsubmerged  Akka. 

This  concludes  the  sum  of  the  positive  evidences  observed  on  the  hills  north  of 
North  bay.  Toward  the  north  the  country  is  rough,  the  clearings  in  the  forest  are 
few,  and  there  are  many  swampy,  almost  impassable  places ;  but  my  investigations 
did  not  stop  at  the  Nelson  beach.  The  process  of  making  a  reliable  determination 
of  the  upper  limit  of  postglacial  submergemre  requires  the  gathering  of  negative 
evidences  from  the  higher  ground  as  well  as  positive  evidences  from  below.  On 
the  first  excursion  on  the  Temiscamang  road  we  drove  north  from  Nelsons  a  mile 
and  a  quarter  to  Hills  corner,  and  from  there  east  two  miles  and  a  quarter  to  the 
farm  of  Mr  Bailey,  which  is  next  south  of  Four  Mile  lake.  Several  gravel  ridges 
were  seen,  but  I  was  unable  to  recognize  the  work  of  waves  in  any  of  them.  I 
am  quite  sure  they  were  all  glacial  forms.  Their  po$»ition8  and  surroundings,  as 
well  as  their  forms,  were  unlike  true  littoral  features.  About  half  a  mile  east  of 
Hills  comer  there  is  a  small,  short  gravel  ridge  which  juts  eastward  from  a  drift 
mass  somewhat  after  the  fashion  of  a  wave-built  spit.  It  is  <x)mpo8ed  mainly  of 
good  sized  pebbles  well  rounded ;  but  it  is  in  a  protected  place,  and  the  adjacent 
slopes  at  the  same  level,  which  are  well  cleared  and  easy  to  see,  show  no  sign  of 
wave  action  whatever.  Again,  half  a  mile  east  of  Carmichaels  corner  are  more 
fine  gravel  ridges.  They  ai)i)eared  to  be  in  the  midst  of  a  swamp,  are  quite  irregu- 
lar in  form,  with  spurs  and  hollows,  and  they  rise  stcei)ly  ten  to  fifteen  feet.  I 
regard  them  as  characteristic  glacial  forms,  and  they  are  so  delicate  in  their  struct- 
ure that  they  could  hardly  have  escaped  modification  if  the  waves  had  ever  touched 
them.  The  ground  along  this  road  is  most  of  it  plentifully  covered  with  bowlders 
of  good  size,  and  they  are  set  in  drift  composed  mainly  of  clay.  At  Baileys  we 
were  about  110  feet  above  the  Nelson  beach.  By  a  rough  estimate,  without 
measurement,  I  concluded  that  Four  Mile  lake  is  somewhat  below  the  level  at 
Nelsons.  Mr  Bailey  told  me  that  his  land  was  almost  entirely  free  from  bowlders. 
South  of  the  road  it  rises  in  a  smooth  hill  of  almost  pure  clay  drift  which  would 
be  exposed  towards  the  east  and  southeast  if  submerged  to  the  level  of  the  road. 

While  these  negative  evidences  seemed  fairly  conclusive,  they  were  not  entirely 
so,  for  I  heard  of  other  large  gravel  ridges  farther  north  on  the  Temiscamang  road. 
On  the  second  excursion  I  went  three  miles  north  from  Carmichaels  cqrner  and 
half  a  mile  east  to  the  farm  of  Mr  Saclie,  close  to  the  east  side  of  Caribou  lake. 
One  mile  north  of  Carmichaels  I  found  the  gravel  ridges  referrtMl  to  partly  on  the 
land  of  Mr  Lydiott.     They  are  immense  irregular  ridges  about  40  feet  high  and 
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with  a  number  of  typical  kettle  holes  nearly  an  deep.  The  composition  was  lansely 
coarse.  Another  mile  north,  on  the  land  of  Mr  White,  is  another  gravel  depo-it 
somewhat  similar  and  plainly  of  glacial  origin.  Near  Mr  Sache's  house  the  alti- 
tude in  the  road  is  about  90  feet  above  the  Nelson  beach.  The  surface  in  that 
vicinity  is  hilly  and  rough  and  the  ground  is  a  heavy  lx>wlder  clay.  The  drainage 
is  westward  into  Duehesnay  crock,  which  empties  into  lake  Nipissing. 

Thus  upon  both  positive  and  negative  evidences  of  submergence,  the  Nekon 
beach  was  found  to  }ye  the  highest  postglacial  shoreline  on  the  hills  north  of 
North  bay. 

The  soi'Tii  Shore  of  the  Strait. 

On  the  south  side  of  the  Nipissing  pass  the  hills  are  much  farther  away,  the  near- 
est accessible  point  at  an  altitude  corresponding  with  the  Nelson  beach  being  at 
Trout  creek,  about  28  miles  south -southeast  from  North  bay.  The  highest  posft- 
glacial  shoreline  was  located  at  Sundridge  and  South  river,  and  lines  a  little  lower 
were  found  at  Trout  creek.  The  first  visit  to  these  localities  was  made  before  the 
first  one  to  North  bay,  and  closed  a  two  weeks'  trip  along  the  line  of  the  Northern 
and  Pacific  Junction  railway.  The  detailed  account  of  those  localities  belongs  to 
the  record  of  that  trip  and  will  therefore  be  omitted  here. 

Well  formed  beach  ridges  of  fine  gravel  were  found  at  Sundridge  &eing  south 
over  the  wide  basin  of  Stony  lake,  whi<^h  was  an  arm  of  the  expanded  waters  at 
the  time  of  the  great  submergence.  The  highest  is  at  an  altitude  of  about  1,2(J5 
feet  above  sealevel.  At  South  river  a  cut  terrace  50  to  60  feet  above  the  level  of  an 
immense  deposit  of  finely  bedded  clay  and  white  silt  overlain  by  sand  was  found 
at  an  altitude  of  about  1,220  feet.  These  two  localities  are  only  alx>ut  five  miles 
apart  and  were  connected  with  eacli  other  and  also  with  the  ancient  strait  to  the 
north.  At  Trout  creek,  U  miles  farther  north,  the  level  of  the  highest  line  at 
South  river  was  not  reached,  but  evidences  of  submergence  were  seen  up  to  about 
1,150  feet  above  sealevel.  Tlie  failure  to  reach  the  highest  line  at  this  place  wa** 
accidental  and  affords  no  just  ground  for  presumption  against  the  inference  that  a 
shoreline  probably  exists  there  at  a  slightly  higher  level  than  that  at  South  river. 
The  altitudes  of  these  localities  are  based  on  the  heights  of  the  stations  above  lake 
Ontario,  as  given  on  the  profile  of  tlie  mil  road  in  the  engineer's  oflSce  at  Toronto. 

The  finding  of  the  highest  beach  considerably  higher  on  the  south  side  of  the 
Nipissing  pass  than  on  the  north  is  rather  exceptional  among  beaches,  which  alnK»st 
universtiUy  rise  northward;  but  it  is  not  surprising  when  due  account  is  taken  of 
the  very  marked  eastward  component  of  differential  elevation,  which  is  well  esftiib- 
lished  by  the  observations  of  I)r  Spencer  farther  south. 

The  ancient  strait,  as  defined  by  the  two  highest  shorelines  descriljed,  wasahont 
32  miles  wide  at  tlie  place  of  observation ;  but  the  hills  draw  nearer  to  each  other 
toward  the  east,  and  the  narrowest  part  of  the  strait  was  probably  not  less  than  2.> 
miles  wide.  Its  depth  over  the  h)w  puss  between  lake  Nipissing  and  Trout  lake 
must  have  been  njore  than  .300  feet. 

The  Ohnaping  Delta. 

One  other  locality  may  be  approjjriately  mentioned  in  this  connection.  It  l< 
about  eight  miles  east  of  Cartier,  which  is  on  the  main  line  of  the  Canadian  PaHfio 
railway,  125  miles  west-nortliwest  from  North  bay.     C)n  the  way  east  I  stopped  off 
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at  Sudbury  for  the  particular  purjKjse  of  making  the  trip  to  Cartier.  From  Ver- 
milion river  to  the  pummit,  three  miles  east  of  Cartier,  there  is  an  ascent  of  496 
feet  in  14 J  miles,  and  the  altitude  of  Cartier  above  riiean  tide  is  1,363  feet.  I  had 
counted  quite  confidently  on  finding  the  great  upper  Iwach  somewhere  on  this 
slope.  On  going  there  I  found  immense  terraces  of  gravel  at  several  elevations  up 
to  about  1,200  feet  above  sealevel.  They  are  old  deltas  of  the  Ohnaping  river  and 
the  smaller  streams  which  flow  into  Silver  lake.  The  railway  cuts  them  to  splendid 
advantage  for  oliservation  and  they  have  been  excavated  extensively  for  ballast. 
Tlie  country  is  V(»ry  rough,  heavily  wooded  and  there  are  no  roads,  but  the  ter- 
ra<.*es  can  be  seen  distinctly  from  the  rear  platform  of  the  tmin.  I  saw  a  few  sand 
and  gravel  ridges  near  the  highest  level  which  closely  resembled  beaches,  but  could 
not  l)e  certain  as  to  that.  For  40  or  50  feet  above  the  ternice  at  1,200  feet  there 
are  extensive  gravels  filling  up  the 
stream  beds.  They  are  undoubtedly 
related  to  the  ancient  water-level.  It 
seems  probable,  judging  by  similar 
places  previously  observed,  that  the 
highest  beach  proper  is  20  or  30  feet 
above  the  level  of  the  massive  terrace 
at  1,200  feet. 

Cartier  is  built  upon  a  level  gravel 
plain  which  seems  to  have  filled  an 
ancient  lake  or  expanded  valley. 
Alx)Ut  a  mile  to  the  west  against  the 
rough  hills  are  three  distinct  terraces 
like  steps  of  perhaps  15  or  20  feet  each. 
I  do  not  know  whether  these  forms 
are  glacial  or  in  what  relation,  if  any, 
they  stand  to  the  great  submergence. 

Ancient  NiPissiNtJ  Island. 

If  the  highest  beaches  here  de- 
s<"ril>ed  mark  approximately  the  con- 
tour of  the  shoreline  of  the  great 
submergence,  it  must  have  covered 
a  wide  area  of  the  surrounding  low- 
lands. Upon  the  basis  of  these  deter- 
minations I  have  sketched  in  figure  1 
this  part  of  Ontario,  showing  the  loca- 
tion of  the  strait  and  the  lake  country 

Uj  the  north  and,  also  in  a  rough  and  only  conjectural  way,  the  probable  extent  of 
the  water  in  that  direction.  The  interesting  region  of  the  northern  lakes  is  still 
wild  and  almost  unbroken;  but  the  general  character  of  the  country  is  pretty  well 
kncjwn.  The  altitudes  of  the  larger  lakes  have  been  determined  appnixinmtely 
and  canoe  routes  are  folio we<l  from  one  to  another.  The  altitude  of  Temiscamang 
lake  is  given  by  the  Canadian  (Jeological  Survey  as  612  feet  al)Ove  sealevel.  Lake 
Tamagaming,  to  the  southwest,  I  did  not  find,  but  it  is  probably  not  much  more 
than  100  feet  higher.  Wagjiming  is  given  at  862  feet,  and  Walmapitaeping  still 
farther  southwest  at  037  feet.     Tamagaming  is  remarkable  for  having  two  outletfi, 


FiuuRK  I. — Sketch  Map  of  part  of  northern  Ontario. 

Showing,  1,  ancient  Nipissing  inland,  with  tlie 
strait  to  the  soutli  of  it;  2,  lake  NipiHsing;  a,  the 
Ottawa  river;  lake  Tern iHcamang;  5.  lake  Tamaga- 
ming; 6,  lake  Wagaming;  7,  lake  Wahnapitaeping; 
lake  Ahitibbi. 
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one  Ut  the  north  and  t!ie  other  to  the  south.  It  is  a  £aivorite  canoe  trip  to  ^>  <l*»«n 
the  Mattawa  from  Tnjut  lake  near  Ni)rth  bay,  up  the  i  Htawa,  up  the  Montrvul 
river  a  ithort  dbftani'e,  up  the  north  outlet  of  lake  Tamagaming.  from  this  bk»- 
down  its  »<iuthem  outlet  to  Sturgeon  river,  down  this  to  lake  Ni piling  and  tben<>' 
htuik  to  North  bay.  The  sur\-eyrt  for  the  James  bay  extennon  of  the  Grand  Truns 
railway  were  ^ing  on  during  the  pat^t  s«eason  northward  from  North  bay.  Fr  il 
Mr  J.  C.  Bailey,  of  Toronto,  who  had  char^re  of  the  work,  I  learned  much  concvrn- 
ing  the  character  of  the  c<»untr>',  and  eHi)ecially  of  the  region  8um>andini;  lak^^ 
Tan'iaganiing.  The  divides  northeast  and  south  of  thii«  lake  are  not  high.  To  ti.-^ 
north  of  North  bay  for  perhaps  40  to  50  milej^  the  land  about  the  soun-es*  of  ihf 
Little  Stuiigeon,  Antoine  and  Jocko  riven*  is  high  ;  but  considering  the  low  altitiulf 
of  lake  Teniiscamang  and  the  others  south  west  wanl  it  seems  a  pretty  safe  vtmy^- 
ture  that  the  high  tract  north  of  Nipissing  strait  was  a  laiige  island,  and  that  it  wx- 
l>ounded  toward  the  east  by  a  broad  expanse  of  water  overlying  the  upper  Ottawa, 
toward  the  north  by  a  wide  strait  overlying  lake  Tamagaming,  and  to  the  west  by 
an  open  water  surface  extending  nearly  to  Cartier.  Dr  Bell  gives  the  altitude  of 
lake  Abittibi  as  857  feet  anri  of  the  pass  over  the  Height  of  Land  between  lakt- 
Temiscamang  and  Abittibi  as  957  feet  above  sealeyel. 

CoXCMSIONS. 

The  belief  which  I  ventured  to  express  in  a  previous  paper*  has  in  the  main  Ikxmi 
verified.  At  their  highest  level  the  Great  lakes  had  open  connection  with  waters 
to  the  east  through  a  broad  strait  at  Nipissing,  and  it  now  seems  probable  that 
they  had  another  to  the  northeast.  It  is  not  yet  proved  that  these  connection* 
were  with  the  ocean,  but  I  believe  the  evidence  tends  more  and  more  stronsrly 
toward  that  conclusion.  The  glacial  hypothesis  was  plausible  and  useful,  but  a? 
exploration  has  prf)gre88ed  it  has  l)een  found  necessary  to  put  the  ice  dams  farther 
and  farther  back,  until  it  now  seems  fair  to  say  that  the  burden  of  proof  rests  with 
those  who  favor  them. 

In  view  of  these  facts,  I  express  again,  and  with  increased  confidence,  the  belief 
that  the  Iroquois  l^each  and  the  highest  beaches  in  the  lower  Saint  La^Tvntv. 
Champlain,  Hudson  and  Ottawa  valleys,  and  in  the  basins  of  lakes  Huron,  Michigan 
and  Sui^erior,  and  also  in  the  valley  of  the  Red  river  of  the  North,  are  all  one  con- 
tinuous shoreline  of  the  sea. 

Fort  Wayne,  Ixdia.na. 
The  fifth  paper  was — 

EXTIiAMORAINIC  DRIFT  BETWEEN  THE  DELAWARE  AND  THE  SCHVYLKlU 
BY    EDWARD    H.    WILLIAMS,    JUNIOR 

This  paper  is  printed  as  pages  281-290  of  this  volume. 

Following  the  presentation  of  these  ?i\q  papers  there  was  an  animated 
discussion,  participated  in  by  the  authors  present.  Remarks  were  ak» 
made  by  I.  C.  White  and  President  Dawson. 

•"  The  highest  Old  Shore  Lino  on  Mackinac  Ish\nd,"  Am.  Jour.  Sci.,  3d  series,  vol.  xliii,  Manb 
1892.  pp.  21fi  and  218. 
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The  following  three  papers  were  read  by  title,  in  the  absence  of  the 
authors. 

INTEROLACIAL  SERIES  OF  GERMAN r 
BY    DR   ALFRED  .IE>fTZSCH,    KONIGSBURO,    PRUSSIA 

This  paper  is  published  in  full  in  The  American  Geologist,  volume 
xiii,  March,  1894,  page  221. 

THE  MADISON  TYPE  OF  DRUMLINS 

BY    WARREN   UPHAM 

DIVERSITY  OF  THE  GLACIAL  DRIFT  ALONG  ITS  BOUNDARY 

BY   WARREN   UPHAM 

Abstracts  of  the  papers  by  Mr  Upham  are  published  in  The  American 
Geologist,  volume  xiii,  March,  1894,  pages  222-223. 

The  following  paper  was  read : 

MICROSCOPIC  STRUCTURE  OF  SILICIOUS  OOLITE 
BY   E.   O.    IIOVKY 

(biiteiitH 

Page 

Si licious  oolite  from  Pennsylvania ^  027 

Silioious  oolite  from  New  Jersey G29 

SiLICTOUS   OOMTE   FROM    PENNSYLVANIA.* 

In  the  American  Journal  of  Science  t  for  Si^pteniber,  1890,  Messrs  E.  II.  Barbour 
and  J.  Torrey  describe  a  silicious  oiMito  from  near  State  College,  Center  county, 
Pennsylvania,  j^iving  chemical  analyses  and  figures  of  microsections  of  the  rock. 
The  microscopic  characters  described  by  Dr  Bar])our  are  pmctically  summed  up  in 
the  following  quotation  from  his  article  : 

**  A  fractured  surface  of  the  hIHcIous  variety  exposes  the  component  spherules  in  section,  show- 
ing their  concretionary  structure,  their  concentric  coats  of  alternately  lighter  and  darker  color, 
deposited  around  real  or  imaginary  centers.  In  many,  organic  remains  are  the  nuclei ;  in  others, 
crystals  or  fragments  of  inorganic  matter." 

The  author  quoted  does  not  seem  to  have  used  polarized  light  in  studying  his 
sections,  and  as  the  use  of  this  medium  reveals  the  stmcture  of  the  n)ck  very 
cUiarly  and  ])rings  out  some  points  not  mentioned  in  the  article  to  which  the  reader 
i.s  referred,  it  seems  worth  while  to  add  some  observations  to  those  already  pub- 
lished. 


♦  My  thanks  are  due  to  Mr  L.  V.  Pirsson,  of  the  Sheffield  Scientific  School,  not  only  for  the 
specimen  and  section  on  which  this  investigation  was  made,  but  also  for  valuable  suggestions 
during  its  progress. 

fVol.  Ill,  xl,  pp.  246-249. 
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Tlie  "cryatals  or  fraffinents  of  inort^aiiic  matter"  are  of  quartz.  Solnetime^  thr 
nucleus  consists  solely  of  a  rounded  fragment  of  a  quartz  crystal.  In  other  splienilr* 
the  nucleus  is  such  a  fragment  surrounded  by  finely  granular  quartz;  othernuclei. 
again,  consist  entirely  of  finely  granular  quartz.  The  most  interesting  nuclei  an- 
those  which  contain  a  secondarily  enlai*ged  fragment.  These  are  numen>us,  i^Mw 
showing  a  single  zone  of  secondary  enlargement,  others  showing  more  than  one. 
The  first  zone  of  such  growth  is  always  cloudy  from  impurities  taken  up  in  p^CKV•^^ 
of  deposition.  If  there  is  a  second  zone,  it  is  of  clear  quartz,  like  the  central  frai^ 
ment.  The  enlarg(»ments  are  orientt'd  in  the  same  way  as  the  center  and  occasi«»n- 
ally  are  somewhat  indistinctly  bounded  by  crystal  planes,*  thougli  the  tendency  i> 
to  grade  off  into  granular  ijuartz.  The  grains  of  this  granular  quartz  are  from  (LiM 
to  0.06  millimeters  in  diameter.  The  large  nuclear  fragments  look  like  granitir 
quartz  on  account  of  their  richness  in  fluid  inclusions,  and  some  of  them  contain 
minute  acicular  crystals  of  rutile  (?). 

No  organic  remains  were  observed  by  the  i)resent  writer  in  the  section  studit^ii 
])y  him. 

The  principal  part  of  each  spherule  is  made  up  of  a  series  of  very  thin  colorlt*?^ 
and  light  brown  rings  deposited  concentrically  around  the  nucleus.  IWtwctn 
crossed  nicols  this  jwrtion  is  seen  U^  be  comi)osed  of  minute  fibers  aiTangetl  radially, 
but  the  fibers  do  not  extend  across  from  one  ring  to  another,  and  are,  therefore,  ^ 
short  that  the  whole  appears  granular  instead  of  fibrous.  The  optically  negative 
character  of  this  material  shows  that  it  is  chalcedony.  Between  this  zone  and  the 
nucleus  a  belt  of  nmch  longer  chalcedony  fibers  is  occasionally  ol>served.  The 
outer  coating  of  each  sphenile  is  a  thin  shell  of  colorless  chalcedonj',  which  l«<*) 
fine  grained  as  to  be  almost  aphanitic  in  texture,  when  seen  in  [x>larize<l  light. 
This  shell  is  usually  sharply  defined  from  the  interior  of  the  sphenile  as  well  as 
from  the  matrix,  both  in  ordinary  and  in  polarized  light.  It  ih  from  O.IM  to  OM 
millimeters  in  thickness,  forming  from  jV  to  j\  of  the  UAa\  diameter.  The  spherule? 
are  very  symmetrical  in  shape  and  vary  from  1  millimeter  to  1.5  millimeters  in 
diameter,  though  an  occasional  oblong  one  is  larger. 

Outside  the  spherules  in  many  instances  and  concentric  with  them,  though  form- 
ing a  part  of  the  matrix,  are  incomplete,  simple  or  complex  fibrous  shells  of  chal- 
cedony, referred  to  by  Doctor  Barbour  as  **  agatized  bands."  The  filjers  have  their 
long  axes  normal  to  the  sphere  on  which  the  shell  fxjcurs,  and  they  frequently  ex- 
tend through  several  bands.  Some  of  the  cuspidate  spaces  between  the  sphenile." 
arc  completely  filled  with  this  form  of  chalcedony,  the  fibera  all  being  normal  to 
the  surface  of  the  nearest  sphere ;  others  have  an  apparently  granular  tilling,  whicli 
shows  a  tendency  toward  aggregation  into  minute  spherules,  which  possess  the 
characteristics  of  chalcedony  and  which  rarely  show  any  concentric  bands.  The 
iarger  grains  in  the  matrix  are  (juartz. 

The  chemical  analyses  given  in  Barbour  and  Torrey's  article  would  indicate  that 
the  sphemles  are  almost  chemically  pure  silica,  and  that  all  the  impuritit*  are  in 
the  matrix  ;  but  dissolving  agents  have  attacked  the  fonner  the  most  vigorously, 
leaving  their  outer  portions— the  minutely  fibrous  chalcedony — a  brown  ochreou?' 
mass  and  causing  them  to  drop  out  of  the  almost  unaffected  matrix. 

The  rock  was  evidently  made  from  a  clear  quartz-sand  by  the  action  of  alkaliiit* 
waters  depositing  silica  in  the  form  of  chalcedony  around  the  fragments  or  agirtv- 


•On  secondnry  enlar^ement  of  fragments  of  quart*  crystals,  see  Sorby,  Proc.  0«ol.  Hoc.  liondon, 
1880,  p.  G2;  Irving,  Fifth  Ann.  Rep.  U.  S.  Geol.  Survey,  1883-'84,  p.  218, 
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Fir.URK  2.— Oolite  fkom  New  Jehsey.    Ordinary  light  X  24. 
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gates  of  fragments  of  quartz  and  making  the  cement  between  the  spherules  of  the 
same  substance,  while  some  of  the  quartz  grains  were  caught  in  this  chalcedony 
cement  without  toeing  made  the  nuclei  of  spherules. 

SlLICIOUS  Oolite  from  New  Jersey. 

The  writer  is  inde])ted  to  Professor  G.  E.  Beecher,  of  Yale  University,  for  a  thin 
section  of  this  rock  and  the  photograph  from  which  figure  2  was  made.  This  oolite 
is  from  the  Tertiary  beds  at  an  unknown  locality  in  New  Jersey.  The  granules  are 
small  and  very  irregular  in  size,  varying  from  0.12  to  0.93  of  a  millimeter  in  diameter, 
and  vary  from  almost  perfect  spheres  to  much  flattened  ovoids  and  subangular 
Ixwiies.  The  concentric  structure  is  very  pronounced  in  most  of  the  granules,  and 
many  times  the  rings  contain  dark  spots  of  indeterminate  character,  arranged 
radially  to  the  sphere.  For  the  most  part  the  spheres  are  without  apparent  nuclei 
and  are  regular  spharocrystiils  of  chalcedony.  Occasionally,  however,  one  is  seen 
with  a  more  or  less  irregular  nucleus  of  fine  grained  quartz.  The  matrix  is  partly 
chalcedony  and  partly  fine  granular  quartz,  with  isolated  large  grains  of  quartz 
scattered  through  it.  No  deposit  of  fibrous  clialcedony  as  inaomplete  shells  outside 
the  granules  was  observed  in  this  section  like  that  so  common  in  the  Pennsylvania 
rock.     No  organic  remains  were  noticed  in  the  section  studied. 

^  Explanation  of  Platk  21. 

Figure  1. — Silicious  oolite  from  State  College,  Center  county,  Pennsylvania.    Polar- 
ized light.     X  45. 

A.  Rounded  fragment  of  clear  quartz. 

B.  First  zone  of  enlargement,  cloudy  quartz. 

C.  Second  zone  of  enlargement,  clear  quartz. 
/).  Zone  of  granular  quartz. 

E.  Zone  of  short  fibrous  chalcedony. 

F.  Outer  shell  of  almost  aphanitic  chalcedony. 

G.  Incomplete  shells  of  chalcedony  with  relatively  long  fibers. 

The  cross  lined  spots  in  the  nucleus  of  the  complete  spherule  seem  to  be  of  iron 
oxide.  The  broad  black  line  in  the  lower  left  hand  corner  is  a  cmck  which  seems 
to  have  been  filled  with  iron  oxide. 

Figure  2. — Silicious  oolite  from  New  Jersey.     Ordinary  light.     X  24. 
The  last  paper  was  read  by  title  on  account  of  the  late  hour : 

CHANNELS  ON  DRUM  LI  NS,  CAUSED  BY  EROSION  OF  GLACIAL  STREAMS 
BY   GEO  KG  E    H.    BARTON 

An  abstract  of  this  paper  is  published  in  Tlie  American  Geologist, 
volume  xiii,  March,  1894,  page  224. 

At  the  close  of  the  meeting,  Friday  evening,  10.30,  the  following  reso- 
lution was  offered  by  Mr  J.  Stanley-Brown  and  unanimously  adopted : 

Resohrdj  That  the  hearty  thanks  of  the  (xeological  Society  are  otfered  to  the  Bosto  i 
Society  of  Natural  History  for  it«  generous  hospitality;  to  the  Ix)cal  Ck>mmitte?, 
LXXXVI[-Bui.i..  Gkol.  Soc.  Am.,  Vol.  5,  1893. 
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and  especially  the  Chairman,  Professor  Wni.  H.  Niles,  and  Mrs  E.  H.  Richards  of 
the  Institute  of  Technology,  for  their  very  successful  efforts  in  providing  for  the 
comfort  of  the  visiting  meml^ers ;  also  to  President  Elliot  and  the  officers  of  Har- 
vard University  connected  with  the  Museum,  for  the  interest  manifested  in  the 
Society  and  their  efforts  in  its  behalf. 

With  a  few  words  of  i)arting  salutation  the  President  declared  the 
meeting  adjourned. 


Register  of  the  Boston  Meeting,  1893. 
The  following  Fellows  were  in  attendance  upon  the  meeting: 


F.  D.  Adams. 
H.  M.  Ami. 

O.  H.  Barton, 
M.  R.  Campbell. 
T.  C.  Chamberlin. 
W.  O.  Crosby. 
Whitman  Cross. 
N.  H.  Darton. 
W.  M.  Davis. 
J.  Wm.  Dawson. 

J.    8.    DiLLER. 
E.   T.    DUMBLE. 

S.  F.  Emmons. 
H.  L.  Fairchild. 
MoRiTz  Fischer. 
H.  T.  Fuller. 

G.  K.  Gilbert. 
L.  8.  Griswold. 
C.  W.  Hayes. 
R.  T.  Hill. 

C.  H.  Hitchcock. 

E.    O.    HOVEY. 
H.  C.  HoVEY. 
Alpheus  Hyatt. 
J.  P.  Iddings. 


A.  P.  Brigham, 


J.  F.  Kemp. 
A.  C.  Lane. 
William  McInnes. 
G.  P.  Merrill. 

W.    H.    NiLES. 

J.  H.  Perry. 

H.  F.  Reid. 

W.  N.  Rice. 

I.  C.  Russell. 

W.  B.  Scott. 

H.  M.  Seely. 

N.  S.  Shaler. 

C.  H.  Smyth,  Junior. 

J.  Stanley-Brown. 

T.  W.  Stanton. 

.1.  J.  Stevenson. 

R.  S.  Tarr. 

T.  C.  White. 

C.  L.  Whittle. 

E.  H.  WIlliams.  Junior. 

G.  H.  Williams. 

H.  S.  Williams. 

J.  E.  Wolff. 

G.  F.  Wright. 


FeUnviA-elect. 


Heinrich  Ries. 


Total  attendance,  51. 
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OFFICERS  FOR  189U. 

PrcaidenL 
T.  C.  Chamberlin,  Chicago,  111. 

Vice-FrendenU, 

N.  S.  Shaler,  Cambridge,  Mass. 
G.  H.  Williams,  Baltimore,  Md. 

Secretary, 
H.  Ti.  Fairchild,  Rochester,  N.  Y. 

Treasurer. 
I.  C.  White,  Morgantown,  W.  Va. 

Editor, 
J.  Stanley-Brown,  Washington,  I).  C. 

Councillors. 

(Term  expires  181)4.) 

Henry  S.  Williams,  Ithacja,  X.  Y. 
N.  H.  WixcHELL,  Ann  Ar])or,  Mich. 

(Term  expires  181)o.) 

E.  A.  Smith,  University,  Ala. 

C.  I).  Walcott,  Washington,  I).  C. 

(Term  expires  181)0.) 

F.  D.  Adams,  Montreal,  Canada. 
I.  C.  Russell,  Ann  Arhor,  Mich. 
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FELLOWS,  APRIL,  lf»U 

*  Indicates  Orij^inal  Fellow  (see  article  III  of  Constitution). 

Fkank  Dawmon  Adamh,  Ph.  D.,  Montreal,  Canada ;  Professor  of  Geology  in  MoGill 

Univerfiity.     I)eceml)er,  188U. 
Trl'man  n.  ALDRicri,  M.  E.,  92  Southern  Ave.,  Cincinnati,  Ohio.     May,  1889. 
Hexby  M.  Ami,  a.  M.,  Cieological  Survey  Office,  Ottawa,  Canada ;  Assistant  Paleon- 

t^jlogist  on  ( ieoloKical  and  Natural  History  Survey  of  Canada.     December,  18S9. 
Alfred    E.  Babu)w,.B.  A.,  M.  A.,  Geological  Sur\'ey  Office,  Ottawa,  Canada; 

Aflsifitant  ryeolopist  on  (Canadian  G<*ological  Survey.     August,  1892. 
Georgr  n.  Barton,  B.  S.,  Bost(»n,  Mass.;  Instructor  in  Geology  in  Massachusetts 

Institute  of  Technology.     August,  18J)0. 
William  S.  Bavlkv,  Ph.  I).,  Waterville,  Maine;    Professor  of  Greology  in  Colby 

University.     l)e<'ember,  1888. 
*Gkoroe  F.  Bbckbr,  Ph.  D.,  Washington,  D.  C;  U.  S.  Geological  Survey. 
Charles  E.  Bekciier,  Ph.  D.,  Yale  University,  New  Haven,  Conn.     May,  1889. 
Robert  Bell,  C.  E.,  M.  I).,  LL.  1>.,  Ottawa,  Canada;   Assistant  Director  of  the 

Geological  and  Natural  HiHtory  Survey  of  Canatla.    May,  1889. 
Albkrt  S.  Bickmore,  Pli.  D.,  American  Museum  of  Natural  History,  77th  St.  and 

Eighth  Ave.,  N.  Y.  city;  Curator  of  Anthropology  in  the  American  Museum 

of  Natural  HiHtory.     December,  1889. 
William  P.  Blakb,  New  Haven,  Conn.;  Alining  Engineer.     August,  1891. 
Amos  Bowman,  Anacortes,  Skagit  Co.,  AVash.  State.     May,  1889. 
Ezra  Brainerd,  LL.  D.,  Middlebury,  Vt.;  President  of  Middlebury  Cxjllege.    De- 
cember, 1889. 
*JouN  C.  Braxner,  Ph.  D.,  Menlo  Park,  Cal.;  Professor  of  Geology  in  Leland 

Stanford  Jr.  UniverHity  ;  Stiite  Geologist  of  Arkansas. 
Albert  Perry  Brigham,  A.  B.,  A.  M.,  Hamilton,  N.  Y.;  Professor  of  Geology  and 

Natural  History,  Colgate  UniverHity.     December,  1893. 
*  Garland  C.  Bkoadiiead,  Columbia,  Mo.;  Professor  of  Geology  in  the  University 

of  Missouri. 
♦Walter  A.  Brownell,  Ph.  D.,  905  Univei-sity  Ave.,  Syracuse,  N.  Y. 
Henry  P.  H.  Bri'mkll,  Geological  Survey  Office,  Ottawa,  Canada;  As.«i8tant  Geol- 

ogint  on  C'anadian  Geological  Survey.     August,  1892. 
*Samukl  Calvin,  Iowa  City,  Iowa;  Professor  of  Geology  and  Zoology  in  the  State 

University  of  Iowa.     State  (Jeologist. 
Hrnry  Donald  Campbell,  Ph.  D.,  Lexington,  Va.;    Professor  of  Geology  and 

Biology  in  Washington  and  I^e  University.    May,  1889. 
Marius  R.  Cami'bell,  U.  S.  (ieologicral  Survey,  Washington,  D.  C.     August,  1892. 
Franklin  R.  Carpen^fer,  Ph.  D.,  Rapid  City,  South  Dakota;  Professor  of  Geologj* 

in  Dakota  School  of  Mines.     May,  1889. 
Robert  Chalmers,  (Geological  Survey  Office,  Ottawa,  Canada;  Field  Geologist  on 

(TC»ological  and  Natural  History  Survey  of  Canada.     May,  1889. 
*T.  C  Chamberlin,  LL.  D.,  Chicago,  111. ;  Head  Professor  of  Geology,  University 

of  Chicago. 
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Hknry  M.  Ciiasce,  M.  I).,  Philadelphia,  Pa.;  Geologist  and  Mining  Enji^ineer. 

August,  1890. 
Clarkncr  Raymond  Claghorn,  B.  S.,  M.  E.,  204  Walnut  Plaee,  Philadelphia,  Pa. 

August,  1891. 
♦William  B.  Clark,  Ph.  D.,  Baltimore,  Md. ;  Instructor  in  Geology  in  Johns 

Hopkins  University. 

*  ?'i>wARD  W.  Claypolb,  D.  Sc.,  Akron,  O. ;  Profe88orof  Natural  Science  in  Buchtel 

College. 
Aaron  H.  Cole,  A.  M.,  5726  Monroe  Ave.,  Hyde  Park,  111.     Decenil>er,  188JK 

*  Theodork  B.  CoMSTiK'K,  TucHon,  Ariz. ;  President  of  the  University  of  Arizona. 

*  Edward  D.  Cope,  Ph.  D.,  2102  Pine  St.,  Philadelphia,  Pa. ;  Professor  of  Geology 

in  the  University  of  Pennsylvania. 

*  Francis  W.  Cragin,  B.  S.,  Colorado  Springs,  Col.;  Professor  of  Geology  and 

Natural  History  in  Colorado  College. 
*Albkrt  R.  Crandall,  A.  M.,  Milton,  Wis. 

*  William  0.  Crosby,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass.; 

Aasistant  Professor  of  Mineralogy  and  Lithology  in  Massachusetts  Institute  of 

Technology. 
Whitman  Cross,   Ph.    D.,   U.  S.   Geological  Survey,  Washington,  D.  C.     May, 

1889. 
*Maixxjlm  H.  Crump,  Bowling  Green,  Ky. ;  Professor  of  Natural  Science  in  Ogden 

College. 
Garry  E.  Culver,  A.  M.,  Madison,  Wis.     Decemher,  1891. 
*Hexry  p.  Cusiiinq,  M.  S.,  Cleveland,  Ohio;  Instructor  in  Geology,   Adelbert 

College. 
T.  NEI.SON  Dale,  Williainstown,  Mass. ;  (ieologist,  U.  S.  Geological  Survey,  In- 

Htnictor  in  Geology,  AVilliams  College.    Dec»eniber,  1890. 
*Jamb8  D.  Dana,  LL.  D.,  New  Haven,  Conn. ;  Professor  of  Geology  in  Yale  Uni- 
versity. 
•Nelson  H.  Darton,  United  States  Geological  Survey,  AVashington,  D.  C. 

*  William  M.  Davis,  Cambridge,  Mass. ;  Professor  of  Physical  Geography  in  Har- 

vard University. 
'teorgb  M.  Dawson,  D.  Sc,  A.  R.  S.  M.,  Geological  Survey  Office,  Ottawa,  Canada ; 

Assistant  Director  of  Geological  and  Natural  History  Survey  of  Canada,     May, 

18S9. 
Sir  J.  William  Dawson,  LL.  D.,  McGill  College,  Montreal,  Canada;  Principal  of 

McGill  University.     May,  1889. 
David  T.  Day,  A.  B.,  Ph.  D.,  U.  S.  (Jeological  Survey,  AVashington,  D.  C.     Auguj^t, 

1891. 
Antonio  del  Castillo,  School  of  Engineers,  City  of  Mexico,  Director  of  National 

School  of  Engineers ;  Director  (.Geological  Coniniisftion,  Republic  of  Mexico. 

August,  1892. 
Frederick  P.  Dewey,  Ph.  B.,  621  F  St.  N.  W.,  Washington,  D.  C.     May,  1889. 
Orville  a.  Derby,  M.  S.,  Sao  Paulo,  Brazil;  Director  of  the  Geographical  and 

Geological  Survey  of  the  Province  of  Sao  Paulo,  Bnizil.     December,  1890, 
*JosRi»H  S.  DiLLBR,  B.  S.,  United  States  Geological  Survey,  AVashington,  D.  C. 
Edward  V.  d'Invilhers,  E.  M.,  711  Walnut  St.,  Philadelphia,  Pa.     December, 

1888.^ 
*  Edwin  T.  Dumble,  Austin,  Texas;  Stiite  Geologist. 
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Clakknc£  K.  DuTTt^N,  Major,  U.  S.  A.,.Ordnani-e  Department,  San  Antonio, Te\a>. 
August,  1891. 

*  William  B.  Dwi(;ht,  M.  A.,  Ph.  B.,  PouKhkeepsie,  X.  Y.;  Profe«8or  of  Natural 

Histxiry  in  Vassar  College. 
♦Gkokcje  H.  ELi)RiD(iE,  A.  B.,  United  States  (T(K)logical  Survey,  Washington,  D.  ( 
Robert  W.  Em>*,  LL.  D.,  Geological  Survey  Office,  Ottawa,  Canada;  Field  Ge<)li>- 

gist  on  Geological  and  Natural  History  Survey  of  Canada.     December,  isss. 

*  Benjamin  K.  Emriwon',  Ph.  D.,  Amherst,  Matw.;  Professor  in  Amherst  Collegi-. 
♦Sami'el  F.  Emmonh,  A.  M.,  E.  M.,  U.  S.  (ifeological  Survey,  Washington,  I).  (. 
John  Eyekman,  F.  Z.  S.,  Oakhurst,  Easton,  Pa.     August,  1891. 

Harold  W.  Fairbanks,  B.  S.,  Berkeley,  Cal.;  Geologist  State  Mining  Burvac. 
August,  1892. 

*  Herman  L.  Fairchild,  B.  S.,  Rochester,  N.  Y.;  Professor  of  Geology  and  Natuml 

History  in  University  of  Rochester. 
J.  C,  Falks,  Danville,  Kentucky ;  Professor  in  C-entre  College.     December,  isss 
EuuENE  Rudolph  Faribault,  C.  E.,  Geological  Survey  Office,  Ottawa,  Canada. 

August,  1891. 
P.  J.  Farnswortii,  M.  D.,  Clinton,  Iowa;   Professor  in  the  State  Univemty  ol 

Iowa.     May,  1889. 
MoRiTZ  Fischer,  Curator,  E.  M.  Museum,  Princeton,  N.  J.     May,  1H89. 
Sandfx)rd  Flemin(},  LL.  D.,  Ottawa,  Canada;  Civil  Engineer.     August,  1893. 

*  Albert  E.  Foote,  M,  D.,  4116  Elm  Ave.,  Philadelphia,  Pa. 

William  M.  Fontaine,  A.  M.,  University  of  Virginia,  Va.;  Professor  of  Natunil 
History  and  GtH)logy  in  University  of  Virginia.     December,  1888. 

♦Persii-xjr  Frazer,  D.  Sc,  1042  Drexel  Building,  Philadelphia,  Pa.;  Professor uf 
Chemistry  in  Franklin  Institute. 

*  Homer  T.  Fuller,  Ph.  I).,  AVorcester,  Mass.;  Professor  of  Geology  in  Worce>1er 

Polytechnic  Institute. 
Henry  Gannett,  S.  B.,  A.  Met.  B.,  U.  S.  (ieological  Sur^'ey,  Washington,  D.  C 
December,  1891. 

*  Grove  K.  Gilbert,  A.  M.,  United  States  (Geological  Survey,  Washington,  D.  C. 
Adams  C.  Gill,  A.  B.,  Northampton,  Mass.     December,  1888. 

N.  J.  GiROUX,  C.  E.,  Geological  Survey  Office,  Ottawa,  Cana<ia;  Assi.stant  V'M 
(Jeologist,  (Geological  and  Natural  History  Survey  of  Canada.     May,  1S89. 

Charlf>  H.  Gordon,  M.S.,  403  ;V)th  St.,  Chicago,  III.     August,  189:]. 

Ulysses  Sherm.\n  (trant.  Ph.  D.,  University  of  Minnesota,  Minnea{»oIis,  Minn,: 
.\ssi8tant  on  (Geological  Survey  of  Minnesota.     DecemlH»r,  185K). 

William  Stukeley  Gri«>ley,  Erie,  Pa.;  Mining  Engineer.     Decemljer,  1893. 

*(tfx>roe  B.  Grinnell,  Ph.  D.,  318  Broadway,  New  York  city. 

Leon  S.  (Grlswold,  A.  B.,  238  Boston  St.,  Dorchester,  Mass.     August,  1892. 

♦William  F.  E.  Gurley,  Springfield,  111.;  State  Geologist. 

Arnold  Hague,  Ph.  B.,  U.  S.  (Geological  Survey,  Washington,  D.  C.     May,  ISSt». 

*  (!^HRLSTOPHER  W.  Hall,  A.M.,  803  University  Ave.,  Minneapolis,  Minn.;  Pr«> 

fessor  of  Geology  and  Mineralogy  in  I'^iiiversity  of  Minnesota. 

*  James  Hall,  LL.  D.,  State  Hall,  Albany,  N.  Y.;  State  Geologist  and  Directonf 

the  State  Museum. 
Henry  G.  Hanks,  1124  Greenwich  St.,  San  Francisco,  Cal.;  lately  State  Mineml''- 

gist.     December,  1S88. 
John  B.  Hastings,  M.  E.,  Boise  City,  Idaho.     May,  1889. 
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*  Erasmus  Haworth,  Ph,  D.,  I^wronoe,  KannaH. 

*  Robert  Hay,  Box  562,  Junction  CMty,  Kansas;  (ieologist,  U.  S.   DepartnuMit  of 

Agriculture, 
r.  WiLLARD  Hayes,  Ph.  D.,  U.  S.  (jeological  Survey,  Washington,  1>.  C.     May, 

18a<). 
*An'(;klo  Heilprin,  Academy  of  Natural  Sciences,  Philadelphia,  Pa.;  Professor  of 

Paleontology  in  the  Academy  of  Natural  Sciences. 
Clarence  L.  Hkrbick,  M.  S.,  324  Hamilton  Ave.,  North  Side,  Cincinnati,  Ohio; 

Professor  of  Geology  and  Biology  in  the  University  of  Cincinnati.     May,  1880. 

*  Lkwis  E.  Hicks,  Rangoon,  Burma. 

♦Ecgene  W.  Hilgard,  Ph.  I).,  LL.  I).,  Berkeley,  Cal.;  Professor  of  Agriculture  in 

University  of  California, 
Frank  A.  Hilf.,  208  S.  Centre  St.,  Pottsville,  Pa.;  Geologist  in  Charge  of  Anthni- 

cite  District,  Second  Geological  Survey  of  Pennsylvania.     May,  1880. 

*  RobkrtT.  Hill,  B.  S.,  L".  S.  Geological  Survey,  Washington,  I).  C. 
♦Charles  H.  Hitchcock,  Ph.  D.,  Hanover,  N.  H.;  Profmsor  of  Geology  in  Dart- 
mouth College. 

William  Herbert  Hobbs,  B.  Sc,  Ph.  D.,  Miulison,  Wis.;  Assistant  Professor  of 
Mineralogy  in  the  University  of  Wisconsin.     August,  1891. 

*  TfKvi  Holbrook,  a.  M.,  p.  O.  Box  536,  New  York  city. 

Charles  A.  Hollick,  Ph.  B.,  Columbia  College,  New  York;  Instructor  in  l*aleon- 
tology.     August,  1893. 

*  Joseph  A.  Holmes,  Chapel  Hill,  North  Carolina;  Stiite  Geologist  and  I*rofessor 

of  Geology  in  University  of  North  Carolina. 
Mary  E.  Holmes,  Ph.  D.,  201  S.  First  St.,  Rockford,  Illinois.     May,  1889. 

*  Jedediah  Hotchkiss,  34()  E.  Beverly  St.,  Staunton,  Virginia. 

*  Edmund  O.  Hovey,  Ph.  D.,  American  Museum  of  Natural  Histf)ry,  New  York  city. 

*  Horace  C.  Hovey,  D.  D.,  Newhuryport,  Mass. 

*  Kdwik  E.  Howell,  A.  M.,  5137  15th  St.  N.  W.,  Washington,  I).  C. 

*  Alpheits  Hyatt,  B.  S.,  Bost.  Soc.  of  Nat.  Hist.,  Boston,  Mass.;  ('urator  of  fronton 

Society  of  Natural  Histoiy. 

Joseph  P.  Iddixos,  Ph.  B.,  Professor  of  Petrographic  Geologj',  University  of  Chi- 
cago, Chicago,  111.    May,  1889. 

A.  Wendell  Jackson,  Ph.  B.,  44  Broadway,  New  York  city.     December,  1888. 

Thomas  M.  Jacksox,  C.  E.,  Morgantown,  W.  Va.;  Pn»fessr>rof  Civil  and  Mining 
Engineering  in  West  Virginia  University.    May,  18H9. 

*  Joseph  F.  James,  M.  S.,  Department  of  Agriculture,  Washington,  D.  (*. 

*  Lawrence  C.  Johnson,  United  Stat€*s  Geolo;fical  Survey,  Meridian,  Miss. 

*  WiLLARD  D.  Johnson,  United  States  Geologirral  Survey,  Washinirton,  D,  C. 
Alexis  A.  Julibn,  Ph.  D.,  Columbia  College,  New  York  city;   Instructor  in  C'o- 

lurabia  College.     May,  1S89. 
Edmpnd  JO&sen,  Ph.  D.,  Temple,  Carroll  Co.,  (jh.     Dcf^mlx'r,  IHiH). 
•  Arthur  KErrn,  A.  M.,  U.  S.  Gi-ological  Survey,  Washington,  D.  C.     .May,  IHHU. 

*  James  F.  Kemp,  A.  B.,  E.  M.,  Columbia  Collc^^i*,  New  York  city;  Adjunct  Pro- 

fessor of  Geology. 
Charles  Rollin  Keyes,  A.  M.,  Ph.  D.,  .V^suj-tant  Stat^'G;^  do^^ist,  D«'«<  Moin«»«,  Iowa, 

August,  1890. 
Clarkn-ce  Kino,  18  Wall  St.,  N<-w  York  city;  lately  Dirc"t/»r  of  th«-  V.  S.  (Jcoh^jj- 

ical  Suney,     May,  18?^9. 
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Fraxk  H.  Knowlton,  M.  S.,  Washington,  I).  C;  Assistant  Paleontologist  U.  ^. 
Cieologrical  Survey.     May,  1889. 

*  George  F.  Kunz,  care  of  Tiffany  &  Co.,  15  Union  Square,  New  York. 
Ralph  D.  Lacoe,  Pittston,  Pa.     Decein])er,  1880. 

Grorob  Edgar  Ladd,  A.  H.,  A.  M.,  81  Oxford  St.,  Cambridge,  Ma<*8.    August, 

1801. 
J.  C.  K.  Lafi.amme,  M.  a.,  D.  D.,  Quebec,  Canada;  Profeasor  of  Mineralogy  ami 

Geology  in  University  Laval,  Quebec.     August,  1890. 
Lawrence  M.  Lambe,  Ottawa,  Canada ;  Artist  and  Assistant  in  Paleontology  ami 

Geological  Survey  of  Canada.     August,  1890. 
Alfred  C.  Lank,  Ph.  I).,  Houghton,  Mich.;    Assistant  on  Geologi(*al  Suney  of 

Michigan.     December,  1889. 
Daniel  W.  Langdon,  Jr.,  A.  B.,  University  Club,  Cincinnati,  Ohio;   Geologist  of 

Chesapeake  and  Ohio  Railroad  Company.     December,  1889. 
Andrew  C.  Lawson,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Geology  in  the 

University  of  California.     May,  1889. 
♦Joseph  Lk  Conte,  M.  D.,  LL.  D.,  Berkeley,  Cal.;  Professor  of  Geology  in  the 

University  of  California. 

*  J.  Peter  Lesley,  LL.  D.,  1008  Clinton  St.,  Philadelphia,  Pa.;  State  Geoloffist. 
Frank  Leveretp,  B.  S.,  Denmark,  Iowa;  Assistant  U.  S.  Geological  Survey.    .Vn- 

gust,  1890. 
JosiTA  LiNDAifL,  Ph.  D.,  Springfield,  111.     August,  1890. 

Waldkmar  Lindgren,  U.  S.  Ge«)logical  Survey,  Washington,  D.  C.     August,  1?^90. 
Robert  H.  Loughridge,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Agricultural 

Chemistry  in  University  of  California.     May,  1889. 
Albert  P.  Low,  B.  S.,  Geological  Survey  Office,  Ottawa,  Canada;  Assistant  Gei>lo- 

gist  on  Canadian  (teological  Survey.     August,  1892. 
Thomas  H.  McBride,  Iowa  City,  Iowa;  Professor  of  Botany  in  the  State  University 

of  Iowa.     May,  1889. 
Henry  McCalley,  A.  M.,C.  E.,  University,  Tuscaloosa  County,  Ala.;  AssLstjinton 

Geological  Survey  of  Alabama.     May,  1889. 
Richard  G.  McConnell,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canatla:  FieM 

Geologist  on  Geological  and  Natural  History  Survey  of  Canada.     May,  1^^*^'- 
James  Ribman  Macfarlanr,  A.  B.,  Pittsburg,  Pa.     August,  1891. 

*  W  J  McGee,  Washington,  D.  C;  Bureau  of  North  American  Ethnology. 
William   McInnes,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;   Assistant 

Field  Geologist,  Geological  and  Natural  History  Survey  of  C'anada.    May, 

1889. 
Peter  McKellar,  Fort  William,  Ontiirio,  Canada.     August,  1890. 
Oliver  Mar^^y,  LL.  D.,  Evanston,  Cook  Co.,  III. ;  Professor  of  Natural  History  in 

North we.'^tern  University.     May,  1889. 
Othniel  C.  Marsh,  Ph.  D.,  LL.  I).,  New^  Haven,  Conn. ;  Professor  of  Paleontology 

in  Yale  University.     May,  1889. 
Vernon  F.  Marsters,  A.  B.,  Bloomington,  Ind. ;  Associate  Professor  of  Geology 

in  Indiana  State  University.     August,  1892. 
P.  H.  Mell,  M.  E.,  Ph.  D.,  Auburn,  Ala. ;  Professor  of  Geology  and  Natural  History 

in  the  State  Polytechnic,  Institute.     December,  1888. 

*  Frederick  J.  H.  Merrill,  Ph.  D.,  State  Museum,  Albany,  N.  Y. ;  Assistant  Statt' 

Geologist  and  Assistant  Director  of  Stiite  Museum. 
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(lEoKGE  P.  Mkkkill,  M.  S.,  U.  S.  National  Museum,  Wtu^hinjrt*)!!,  I).  C. ;  Curator 
of  DefNirtment  of  Lithology  and  Physical  Geology.     December,  1888. 

Jambh  E.  MiLii4,  B.  S.,  Quincy,  Plumas  Co.,  Cal.     December,  1888. 

Thomas  F.  Moses,  M.  D.,  Urbana,  Ohio;  President  of  Urbana  University.  May, 
li?89. 

*  Frank  L.  Xason,  A.  B.,  5  Union  St.,  New  Brunswick,  N.  J. ;  Assistant  on  Geo- 

logical Survey  of  New  Jersey. 

♦Henry  B.  Nahox,  Ph.  D.,  M.  D.,  LL.  D.,  Troy,  N.  Y. ;  Professor  of  Chemistry 
and  Natural  Science  in  Rensselaer  Polytechnic  Institute. 

♦Petek  Neff,  a,  M.,  361  Russell  Ave.,  Cleveland,  Ohio;  Librarian,  Western  lie- 
serve  Ilistorical  Society. 

Frederick  H.  Newell,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C.  May, 
1881). 

William  H.  Nilbs,  Ph.  B.,  M.  A.,  Cambridjje,  Ma«s.     August,  1891. 

*  Edward  Orton,  Ph.  D.,  LL.  D.,  Columbus,  Ohio;  State  Geologist  and  Professor 

of  Geology  in  the  State  University. 
*Amos  O.  Osborn,  Wat«rville,  Oneida  Co.,  N.  Y. 

*  Horace  B.  Pattox,  Ph.  D.,  Golden,  Col. ;  Profe-scjor  of  Geology  and  Mineralogy 

in  Colorado  School  of  Mines. 
Richard  A.  F.  Penrose,  Jr.,  Ph.  D.,  13;J1  Spruce  St.,  Philadelphia,  Pa.     May, 

1889. 
Joseph  H.  Perrv,  176  Highland  St,  Worcester,  Ma.ss.     December,  1888. 

*  William  H.  Pettee,  A.  M.,  Ann  Arbor,  Mich.;  Professor  of  Mineralogy,  Eco- 

nomical Geology  and  Mining  Engineering  in  Michigan  University.   • 

*  Franklin  Platt,  1319  Walnut  St.,  Philadelphia,  Pa. 

*  Ji'Lius  PoHLMAN,  M.  D.,  University  of  Buttalo,  Buffalo,  N.  Y. 

William  B.  Potter,  A.  M.,  E.  M.,  St.  U)uis,  Mo. ;  Professor  of  Mining  and  Metal- 
lurgy in  Washington  University.     Am;iL«<t,  1890. 

*JoHN  W.  Powell,  Director  of  U.  S.  Creologicjil  Survey,  Washington,  D.  C. 

♦Charles  S.  Prosser,  M.  S.,  Topeka,  Kan. ;. Professor  of  Geology  in  Washington 
College. 

*  Raphael  Pumpellv,  U.  S.  Geological  Survey,  Newport,  R.  1. 

Harrv  Fielding  Reid,  Ph.  D.,  Johns  Hopkins  University,  Baltimore,  Md.  De- 
cember, 1892. 

William  North  Rick,  A.  M.,  Ph.  D.,  LL.  1).,  Miihlletown,  Conn.;  Professor  of 
(leology  in  Wesleyan  University.     August,  181K). 

IIeinrich  RiES,  Ph.  B.,  Fellow  in  Mineralogy,  Columbia  College,  New  York  city. 
December,  18ii3. 

Charles  W.  Rolfk,  M.  S.,  Url)ana,  ClKUiipiiign  (-o.,  III.;  Professor  of  Geology  in 
Univei-sity  of  Illinois.     May,  1SS9. 

*  Israel  C.  Russell,  M.  S.,  Ann  Arbor,  Mich.;  Professor  of  (ieology  in  University 

of  Michigan. 

*  JAMES*  M.  Saffori),  M.  1).,  LL.  1).,  Nashville,  Tenn.;  State  Geologist;  Professor 

in  Vanderbilt  University. 

Orestes  H.  St.  John,  Topeka,  Kan.     May,  1889. 

*RoLLiN  D.  Salisbiry,  a.  M.,  Chicago,  III.;  Professor  of  General  and  Geographic 
Geology  in  University  of  Chicago. 

FiiEDERicK  W.  Sardbs:)X,  University  of  Minnesota,  Minneiii>olis,  Minn.  Decem- 
ber, 1892. 
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*  Charles  Schaefper,  M.  D.,  K^OO  Arch  St.,  Philadelphia,  Pa. 

AViLLiAM  B.  ScxxTT,  M.  A.,  Ph.  D.,  Princeton,  N,  J.;  Professor  in  College  of  New 
Jersey.     Angiist,  1892. 

Henry  M.  Seely,  M.  D.,  Middlebury,  Vt.;  Professor  of  Geology  in  Middlebun- 
College.     May,  1889. 

Alfred  R.  C.  Sklwyn,  C.  M.  G.,  LL.  D.,  Ottawa,  Canada;  Director  of  Geological 
and  Natural  History  Harvey  of  Canada.     December,  1889. 

♦Nathaniel  S.  Shaler,  LL.  D.,  Cambridge,  Mass.;  Professor  of  Geology  in  Har- 
vard University. 

Will  H.  Shkrzer,  M.  S.,  Ypsilanti,  Mich.;  Professor  in  State  Normal  School. 
December,  1890. 

*  Frederick  W.  Simond:*,  Ph.  D.,  Austin,  Texas;  Professor  of  Geology  in  Univer- 

sity of  Texas. 
♦Eugene  A.  Smith,  Ph.  D.,  University,  Tuscaloosa  Co.,  Ala.;  State  Geologist  and 

Professor  of  Chemistry  and  Geology  in  University  of  Alabama. 
Jambb  Peruin  Smfth,  M.  S.,  Ph.  D.,  Palo  Alto,  California;  Assistant  Professor  of 

Paleontology,  Iceland  Stanford  Jr.  University.     December,  1893. 

*  John  C.  Smock,  Ph.  D.,  Trenton,  N.  J.;  Stat«  Geologist. 

Charles  II.  Smyth,  Jr.,  Ph.  D.,  Clinton,  N.  Y.;  Professor  of  Geology  in  Hamilton 
College.     August,  1892. 

*  J.  W.  Spencer,  A.  M.,  Ph.  D.,  Atlanta,  Georgia. 

Joseph  Stanley-Brown,  Assistant  Geologist  U.  S.  Geological  Survey;  AVashington, 

D.  C.     August,  1892. 
Timothy  William  Stanton,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C; 

Assistant  Paleontologist  U.  S.  Geological  Survey.    August,  1891. 

*  John  J.  Stevenson,  Ph.  D.,  LL.  D.,  University  of  the  City  of  New  York;  Pro- 

fessor of  Geology  in  the  University  of  the  City  of  New  York. 
Ralph  S.  Tarr,  Cornell  University,  Ithaca,  N.  Y.     August,  1890.  ■ 

*  Asa  Scott  Tiffany,  1K)1  West  Fifth  St.,  Davenport,  Iowa. 

*  James  E.  Todd,  A.  M.,  Vermillion, .S.  Dak.;  Professor  of  Geology  and  Mineralogj* 

in  University  of  South*  Dakota. 

*  Henry  AV.  Ti'rner,  U.  S.  Geological  Survey,  AVashington,  D.  C. 

Joseph  B.  Tyrrell,  M.  A.,  B.  Sc,  Geological  Survey  Office,  Ottawa,  Canada; 
Geologist  on  the  Canadian  Geological  Survey.     May,  1889. 

*  Edward  O.  Ulrich,  A.  M.,  Newport,  Ky.;   I'aleontologist  of  the  Geological  Pur- 

vey of  Minnesota. 
♦Warren  Upham,  A.  B.,  Assistant  (n»ological  Survey  of  Minnesota;  Minneai)oli.s 
Minn. 

*  Charles  R.   Van  Hisk,  M.  S.,  Madison,  Wis.;   Professor   of  Mineralog)' an^^ 

Petrogniphy  in  Wisconsin  University ;  Geologist  U.  S.  Geological  Survey. 

♦Anthony  W.  Vogdes,  Alcatraz  Island,  San  Francisco,  Cal.;  Captain  Fifth  Artil- 
lery, U.  S.  Army. 

Charles  AVac^hsmuch,  M.  D.,  Burlington,  Iowa.     May,  1889. 

*Marshman  E.  Wadsworth,  Ph.  D.,  Houghton,  Mich.;  State  Geologist ;  Director 
of  Michigan  Mining  School. 

♦Charles  D.  Walcoti,  U.  S.  National  Museum,  Washington,  D.  C;  Paleontologist 
U.  S.  Geological  Survey. 

Walter  H.  Weed,  M.  E.,  U.  S.  Geological  Survey,  Washington,  D.  C.  May, 
1889. 
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Thomas  G.  WestoxV,' Ottawa,  Canada,  Assistant  Curator  (Jeolojrical  Survey  Depart- 
ment Museum.     August,  1893. 

David  White,  U.  S.  National  Museum,  Washington,  D.  C;  Assistant  Paleontolo 
gist  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 

♦Israel  C.  White,  Ph.  D.,  Morgantown,  W.  Va. 

♦Charles  A.  AVhitk,  M.  D.,  U.  S.  National  Museum,  Washington,  D.  C;  Paleon- 
tologist U.  S.  Geological  Survey. 

Joseph  Frederick  Whiteaves,  Ottawa,  Canada ;  Paleontologist  and  Assistant  Di- 
rector Geological  Survey  of  Canada.     DectMnber,  1892. 

♦Robert  P.  Whitpield,  Ph.  D.,  American  Museum  of  Natural  History,  77th  St. 
and  Eighth  Ave.,  New  York  city;  Curator  of  Geology  and  Paleontology. 

Charles  L.  Whfttle,  West  Medford,  ^lass. ;  Assistant  Geologist  U.  S.  Geological 
Survey.     August,  1892. 

♦Edward  H.  AVilliams,  Jr.,  A.  C,  E.  M.,  117  Church  St.,  Bethlehem,  Pa.;  Pro- 
fessor of  Mining  Engineering  and  Geology  in  Lehigh  University. 

♦George  II.  Williams,  Ph.  D.,  Johns  Hoi)kin8  l^niversity,  Baltimore,  Md.;  Pro- 
fessor of  Inorganic  Geology  in  Johns  Hopkins  University. 

♦  Hexry  S.  Williams,  Ph.  I).,  New  Haven,  Conn.;  Professor  of  Geology  and  Paleon- 
tology in  Yale  University. 

♦Samuel  G.  Williams,  Ph.  D.,  Ithaca,  N.  Y.;  Professor  in  Cornell  University. 

Bailey  Willis,  U.  S.  Geological  Survey,  Washington,  1).  C.     December,  1889. 

♦Horace  Vaughn  Winchell,  130(5  8.  E.  7th  St.,  Minneapolis,  Minn.;  Assistant 
on  (leological  Survey  of  Minnesota. 

♦Newton  H.  Winchell,  A.  M.,  Minneapolis,  Minn. ;  State  (geologist;  Professor  in 
University  of  Minnesota. 

♦Arthur  Winsix)w,  B:  S.,  Jefferson  City,  Mo.;  State  (Jeologist. 
John  E.  Wolff,  Ph.  D.,  Harvard  University,  Cambridge,  Mass.;  Assistant  Pro- 
fessor in  Petrography,  Harvard  University.     December,  1889. 
Robert  Simpson  Woodward,  C.  E.,  Colum])ia  College,  New  York  city;  Professor 

of  Mechanics  in  Columbia  College.     May,  1889. 
Albert  A.  Wright,  A.  B.,  Ph.  B.,  Oberlin,  Ohio;  Professor  of  Geology  in  Oberlin 

College.     August,  1893. 
♦G.  Frederick  Wright,  D.  D.,  Oberlin,  C)hio;  Professor  in  Oberlin  Theological 

Seminary. 
Lorenzo  G.  Yates,  M.  D.,  Los  Angeles,  Cal.     December,  1889. 

FEL LO  \m  DECEA  SED 
♦Indicates  Original  Fellow  (see  article  III  of  Constitution) 

♦Charles  A.  Ashburner,  M.  S.,  C.  K.     Died  December  24,  1889. 

♦  J.  H.  Chapin,  Ph.  D.,  Meriden,  Conn.     Died  March  14,  1892. 
Gborge  H.  Cook,  Ph.  D.,  LL.  D.     Died  September  22,  1889. 
David  Honeyman,  D.  C.  L.     Died  October  17,  1889. 
TnoM.\fl  Sterry  Hunt,  D.  Sc,  LL.  D.     Died  Febniary,  1892. 
♦John  S.  Newberry,  M.  D.,  LL.  D.     Died  Deceml)er  7,  1892. 

♦  Richard  Owen,  LL.  D.     Died  March  24,  18iH). 

♦  J.  Francis  Williams,  Ph.  I).     Died  X()veml)er  9,  1891. 

♦  Alexander  Winchell,  LL.  I).     Di.ed  February  19,  1891. 
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Original  Fellows 98 

Elected  Fellows 122 

Meinbei"Khip 220 


CONSTITUTION  AND  BY-LAWS. 


PREAMBLE. 


The  Fellows  of  The  Geological  Society  of  America,  organized  under  the  provis- 
ions of  the  Constitution  approved  at  Cleveland,  Ohio,  August  15, 1&88,  and  adopted 
at  Ithaca,  New  York,  December  27,  1888,  hereby  ordain  the  folio winj?  revised 
Constitution  : 

CONSTITUTION. 


Article  I. 

NAME. 

This  Society  shall  be  known  as  The  Geological  SocrETY  of  America. 

Article  II. 

OIUECT. 

The  object  of  this  Society  shall  be  the  promotion  of  the  Si'ience  of  Geology  in 
North  America. 

Article  III. 

MEMBERSHIP. 

The  Society  shall  lie  composed  of  Fellows,  Correspondents  and  Patrons. 

1.  Fellows  shall  be  persons  who  are  engaged  in  geological  work  or  in  teaching 
geology  and  resident  in  North  America. 

Fellows  admitted  without  election  under  the  Provisional  Constitution  shall  1^ 
designated  as  Oiiginal  Fellows  on  all  lists  or  cata,logues  of  the  Society. 

2.  Correspondents  shall  be  persona  distinguished  for  their  attiiinmenta  in  Geo- 
logical Science  and  not  resident  in  North  America. 

3.  Patrons  shall  be  i)er8ons  who  have  bestowed  important  favors  upon  the 
Society. 

4.  Fellow^  alone  shall  be  entitled  to  vote  or  hold  office  in  the  Society. 

Article  IV. 

OFFICERS. 

1.  The  Officers  of  the  Society  shall  (consist  of  a  President,  First  and  Second  Vice- 
Presidents,  a  Secretary,  a  Treasurer,  and  six  Councilors. 

These  officers  shall  constitute  an  Executive  Committee,  which  shall  be  called  the 
Council. 

2.  The  President  shall  discharge  the  usual  duties  of  a  presiding  officer  at  all 
meetings  of  the  Society  and  of  the  Council.  He  shall  take  cognizance  of  the  acts 
of  the  Society  and  of  its  officx^rs,  and  cause  the  provisions  of  the  Constitution  and 
By-Laws  to  l)e  faithfully  carried  into  effect. 
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3.  The  First  Vice-PrcHideiit  shall  assume  the  dutiea  of  Prenident  in  t^ise  of  tlie 
absence  or  disability  of  the  latter.  The  Second  Vice-President  shall  assume  the 
duties  of  President  in  case  of  the  absence  or  disability  of  lx)th  the  President  and 
First  Vice-President. 

4.  The  Secretary  shall  keep  the  records  of  the  proceedings  of  the  Society,  and  a 
complete  list  of  the  Fellows,  with  the  date.s  of  their  election  and  disconnection  with 
the  Society.     He  shall  also  be  the  secretary'  of  the  Council. 

The  Secretary  shall  cooperate  with  the  President  in  attention  to  the  ordinary 
affairs  of  the  Society.  He  shall  attend  to  the  preparation,  printing  and  mailing  of 
circulars,  blanks  and  notifications  of  electitms and  meetings.  He  shall  sui)erintend 
other  printing  ordered  by  the  Society  or  by  the  President,  and  shall  have  chai^jje 
of  its  distribution,  under  the  direction  of  the  Council. 

The  Secretar>%  unless  other  provision  be  made,  shall  also  act  as  Editor  of  thi* 
publications  of  the  Society,  and  as  Librarian  and  (/ustodian  of  the  property. 

5.  The  Treasurer  shall  have  the  custody  of  all  funds  of  the  Society.  He  shall 
keep  account  of  receipts  and  disbursements  in  detail,  and  this  shall  be  audited  a.«* 
hereinafter  provided. 

6.  The  Society  may  elect  an  Editor  to  suj^ervise  all  matters  tH>nnect<*d  with  the 
jiublication  of  the.  transactions  of  the  Society  under  the  direction  of  the  Council, 
and  to  perform  the  duties  of  Librarian  until  such  time  as,  in  the  opinion  of  the 
Council,  the  Society  should  make  that  an  indeiK»ndent  office. 

7.  The  Council  is  clothed  with  executive  authority  and  with  the  legislative 
powers  of  the  Society  in  the  intervals  between  its  meetings ;  but  no  extraordinar\' 
act  of  the  Council  shall  remain  in  force  beyond  the  next  following  stated  meeting 
without  ratification  by  the  Society.  The  Council  shall  have  control  of  the  puhli- 
cations  of  the  Society,  under  provisions  of  the  By-Laws  and  of  resolutions  from 
time  to  time  adopted.  They  shall  recx'ive  nomination.s  for  Fellows,  and,  on  ap- 
proval by  them,  shall  submit  such  nominations  to  the  Society  for  action.  They 
shall  have  power  to  fill  vacancies  ad  iiU^rim  in  any  of  tlie  offices  of  the  S<x»iety. 

8.  Terms  of  Office. — Tlie  President  and  Vice-Prt*sidentfl  shall  be  elected  annually, 
and  shall  not  be  eligible  to  re-election  more  than  once  until  aft^r  an  interval  of 
three  years  aft^jr  retiring  from  office. 

The  Secretary  and  Edit^)r  shall  bo  eligible  to  re-election  without  limitation. 

The  term  of  office  of  the  Counciloi*s  sliall  be  three  years;  and  these  officers  shall 
be  so  grouped  that  two  shall  be  elected  and  two  retire  each  yeiir.  Councilors  re- 
tired sliall  not  be  re-eligible  till  after  the  expiration  of  a  year. 

Article  V. 

VOTING   AXD   ELECTIONS. 

1.  All  elections  shall  be  by  ballot.  To  elect  a  Fellow,  Correspondent  or  Patron, 
or  impose  any  si)ecial  tax,  shall  require  the  a.ssent  of  nine-tenths  of  all  Fellows 
voting. 

2.  Voting  by  letter  may  be  allowed. 

3.  Election  of  Fellons. — Nominations  for  fellowship  may  be  made  by  two  Fellow? 
according  to  a  form  to  be  provided  by  the  Council.  One  of  these  Fellows  most  be 
pt^rsonally  acquaint^Hl  with  the  nominee  and  his  qualifications  for  membership. 
The  Council  will  submit  the  nominations  received  by  them,  if  approveil,  to  a  vote 
of  the  Society  in  the  manner  i)rovided  in  the  By-I^ws.     The  result  may  be  an- 
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iioiinred  at  any  stated  meeting ;  after  which  notices  shall  he  sent  out  to  Fellows 
elect. 

4.  Ele<ii</ii  of  Officers. — Nominations  for  otiice  shall  be  made  by  the  Council.  The 
nominations  shall  be  submitted  to  a  vote  of  the  Society  in  the  same  manner  as 
noun  nations  for  fellowship.  The  results  shall  be  announced  at  the  Annual  Meet- 
ing ;  and  the  officers  thus  elected  shall  enter  upon  duty  at  the  adjournment  of  the 
meeting. 

Article  VI. 

MEETINGS. 

1.  The  Society  shall  hold  at  least  two  stated  meetings  a  year — a  Summer  Meet- 
ing at  the  same  locality  and  during  the  same  week  as  the  annual  meeting  of  tlie 
American  Association  for  the  Advancement  of  Science — and  a  Winter  Meeting. 
The  date  and  place  of  the  Winter  Meeting  shall  be  fixed  by  the  Council,  and  an- 
nounced by  circular  each  year  within  a  month  after  the  adjournment  of  the  Sum- 
mer Meeting.  The  i)rogram  of  each  Meeting  shall  be  determined  by  the  Council, 
and  announced  beforehand,  in  its  general  features.  The  details  of  the  daily  ses- 
sions shall  also  be  arranged  by  the  Council. 

2.  The  Winter  Meeting  shall  be  regarded  as  the  Annual  Meeting.  At  this,  elec- 
tions of  Officers  shall  be  declared,  and  the  officers  elect  shall  enter  upon  duty  at 
the  adjournment  of  the  Meeting. 

3.  Special  Meetings  may  be  called  by  the  Council,  and  must  be  called  upon  the 
written  request  of  twenty  Fellows. 

4.  Stated  Meeting's  of  the  Council  shall  be  held  coincidently  with  the  Stated 
Meetings  of  the  Society.  Si)ecial  meetiug.s  may  be  called  by  the  President  at  such 
timc^  as  he  may  deem  necessary. 

5.  Qaoram. — At  meetings  of  the  Society  a  majority  of  those  registered  in  attend- 
ance shall  constitute,  a  quorum.     Five  shall  constitute  a  quorum  of  the  Council. 

Article  VII. 

PUBLICATION. 

The  serial  publications  of  the  Society  shall  be  under  the  immediate  control  of 
the  Council. 

Article  VIII. 

amp:ni)mkntx. 

1.  This  Constitution  may  be  amended  at  any  annual  meeting  by  a  three-fourths 
vote  of  all  the  Fellow.'^,  provided  that  the  proposed  amendment  shall  have  been 
submitted  in  print  to  all  Fellows  at  least  three  months  previous  to  the  meeting. 

2.  By-laws  may  l>e  made  or  amended  by  a  majority  vote  of  the  Fellows  present 
and  voting  at  any  annual  meeting,  provided  that  printed  notice  of  the  proposed 
amendment  or  by-law  shall  have  been  given  to  all  Fellows  at  least  three  months 
before  the  meeting. 

BY-LAWS. 

Chaiteu  I. 

OF  membership. 

1.  No  person  shall  be  accejited  as  a  Fellow  unless  he  pay  his  initiation  fee,  and 
the  dues  for  the  year,  within  tha^e  months  after  notification  of  his  election.    The 
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initiation  fee  shall  be  ten  (10)  dollars  and  the  annual  dues  ten  (10)  dullare,  the 
latter  payable  on  or  before  the  annual  meeting  in  advance ;  but  a  single  preiiay- 
inent  of  one  hundred  (100)  dollars  shall  be  accepted  as  commutation  for  life. 

2.  The  sums  paid  in  commutation  of  dues  shall  be  covered  into  the  Publication 
Fund. 

3.  An  arrearage  in  payment  of  annual  dues  shall  deprive  a  Fellow  of  the  privi- 
lege of  taking  part  in  the  management  of  the  Society  and  of  receiving  the  pu\>- 
lications  of  the  Society.  An  arrearage  continuing  over  two  (2)  years  shall  U' 
construed  as  notification  of  withdrawal. 

4.  Any  i)er8on  eligible  under  Article  III  of  the  Constitution  may  be  elected  Patnm 
upon  the  payment  of  one  thousand  (1,000)  dollars  to  the  Publication  Fund  of  the 
Society. 

Chaptrr  II. 

OP  OFFICIALS. 

1.  The  President  shall  countersign,  if  he  approves,  all  duly  authorized  account- 
and  orders  drawn  on  the  Treasurer  for  the  disbursement  of  money. 

2.  The  Secretary,  until  otherwise  ordered  by  the  Society,  shall  perform  the  dutit'^ 
of  Editor,  Librarian  and  Custodian  of  the  property  of  the  Society. 

3.  The  Society  may  elect  an  Assistant  Secretary. 

4.  The  Treasurer  shall  give  bonds,  with  two  good  sureties  approved  by  the 
Council,  in  the  sum  of  five  thousand  dollars,  for  the  faithful  and  honest  perform- 
ance of  his  duties  and  the  safe-keeping  of  the  funds  of  the  Society.  He  may  dt- 
positthe  funds  in  bank  at  his  discretion,  but  shall  not  invest  them  without  authority 
of  the  Council.  His  accounts  shall  be  balanced  as  on  the  thirtieth  day  of  Noveml>er 
of  each  year. 

5.  In  the  selection  of  Councilors  the  various  sections  of  North  America  shall  lie 
represented  as  far  as  practicable. 

6.  The  minutes  of  the  proceedings  of  the  Council  shall  be  subject  to  call  bj'  the 
Society. 

7.  The  Council  may  transact  its  business  by  correspondence  during  the  inter\alj' 
between  its  stated  meetings ;  but  affirmative  action  by  a  majority  of  the  CJouncil 
shall  be  necessary  in  order  to  make  action  by  correspondence  valid. 

Chaiter  III. 

OF   ELECTION   OF    MEMBEIIM. 

1.  Nominations  for  fellowship  may  be  proposed  at  any  time  on  blanks  t-o  be  sujh 
plied  by  the  Secretary. 

2.  The  form  for  the  nomination  of  Fellows  shall  be  as  follows : 

In  accordance  with  his  desire,  we  respectfully  nominate  for  Fellow  of  tlie  Cfei>- 
logical  Society  of  America : 

Full  name ;  degrees ;  address ;  occupation ;  branch  of  Geology  now  eugage<l  in, 
work  already  done  and  publiciitions  made. 

(Signed  by  at  least  two  Fellows,  i 

The  form  when  filled  is  to  be  transmitted  to  the  Secretary. 

3.  The  Secretary  will  bring  all  nominations  before  the  Council,  at  either  the 
Winter  or  Summer  Meeting  of  the  Society,  and  the  Council  will  signify  its  approval 
or  disapproval  of  each. 
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4.  At  least  a  month  before  one  of  the  stated  meetings  of  the  Society  the  Secre- 
tary will  mail  a  pruited  list  of  all  approved  nominees  to  each  Fellow,  accompanied 
by  such  information  as  may  be  necessary  for  intelligent  voting ;  but  an  informal 
list  of  the  candidates  shall  be  sent  to  each  Fellow  at  least  two  weeks  prior  to  dis- 
tribution of  the  ballots. 

5.  The  Fellows  receiving  the  list  will  signify  their  approval  or  disapproval  of 
each  nominee,  and  return  the  lists  to  the  Secretary. 

6.  At  the  next  stated  meeting  of  the  Council  the  Secretary  will  present  the  lists 
and  the  Council  will  canvass  the  returns. 

7.  The  Council,  by  unanimous  vote  of  the  members  in  attendance,  may  still 
exercise  the  power  of  rejection  of  any  nominee  whom  new  infonnation  shows  to 
be  unsuitable  for  fellowship. 

8.  At  the  next  stated  meeting  of  the  Society  the  Council  shall  declare  the  results. 

9.  Correspondents  and  Patrons  shall  be  nominated  by  the  Council,  and  shall  be 
elected  in  the  same  manner  as  Fellows. 

Chaptek  IV. 

OP   ELECTION   OF   OFFICERS. 

1.  The  Council  shall  prepare  a  list  of  nominations  for  the  several  offices,  which 
list  will  constitute  the  regular  ticket. 

2.  The  list  shall  be  mailed  to  the  Fellows,  for  their  information,  at  least  40  days 
before  the  Annual  Meeting.  Any  five  Fellows  may  forward  to  the  Secretary  other 
nominations  for  any  or  all  offices.  All  such  nominations  reaching  the  Secretary  at 
least  20  days  before  the  Annual  Meeting  shall  be  printed,  together  with  the  names 
of  the  nominators,  as  special  tickets.  The  regular  and  special  tickets  shall  then 
be  mailed  to  the  Fellows  at  least  15  days  before  the  Annual  Meeting. 

3.  The  Fellows  will  send  their  ballots  to  the  Secretary  in  double  envelopes,  the 
outer  envelope  bearing  the  voter's  name.  At  the  winter  meeting  of  the  Council, 
the  Secretary  will  bring  the  returns  of  ballots  before  the  Council  for  canvass,  and 
during  the  winter  meeting  of  the  Society  the  Council  shall  declare  the  result. 

4.  In  case  a  majority  of  all  the  ballots  shall  not  have  been  cast  for  any  candidate 
for  any  office,  the  Society  shall  by  ballot  at  such  winter  meeting  proceed  to  make 
an  election  for  such  office  from  the  two  candidates  having  the  highest  number  of 
votes. 

Chapter  V. 

OF   FINANCIAL   METHODS. 

1.  No  pecuniary  obligation  shall  be  contracted  without  express  sanction  of  the 
Society  or  the  Council.  But  it  is  to  V)e  understood  that  all  ordinary,  incidental 
and  running  expenses  have  the  permanent  sanction  of  the  Society,  without  special 
action. 

2.  The  creditor  of  the  Society  must  present  to  the  Treasurer  a  fully  itemized  bill, 
certified  by  the  official  ordering  it,  and  approved  by  the  President.  The  Treasurer 
shall  then  pay  the  amount  out  of  any  funds  not  otherwise  approi)riated,  and  the 
receipted  bill  shall  be  held  as  his  voucher. 

3.  At  each  annual  meeting,  the  President  shall  call  upon  the  Society  to  choose 
two  Fellows,  not  members  of  the  Council,  to  whom  shall  be  referred  the  books  of 
the  Treasurer,  duly  posted  and  balanced  to  the  close  of  November  thirtieth,  as 

LXXXlX—BuLL.  (iKOL.  8<>c.  Am.,  Vol.  6,  l^'ja. 


646  PROCEEDINGS   OF   BOSTON    MEETING. 

Specified  in  the  By-Laws,  Chapter  II,  Clause  4.  The  Auditors  shall  examine  the 
accounts  and  vouchers  of  the  Treasurer,  and  any  member  or  members  of  the 
Council  may  be  present  during  the  examination.  The  rei)ort  of  the  Auditors  shall 
be  rendered  to  the  Society  before  the  adjournment  of  the  meetino:,  and  the  Society 
shall  take  apprppriate  action. 

Chapter  VI, 

OP   PUBLIC ATI0N8. 

1.  The  publications  are  in  charge  of  the  Council  and  under  its  control., 

2.  One  copy  of  each  publication  shall  be  sent  to  each  Fellow,  Correspondent  and 
Patron,  and  each  author  shall  receive  thirty  (30)  copies  of  his  memoir. 

Chaiter  VII. 

OF  TUB   PUBLICATION   FUND. 

1.  The  Publication  Fund  shall  consist  of  moneys  paid  by  the  general  public  fur 
publications  of  the  Society,  of  donations  made  in  aid  of  publication,  and  of  the 
sums  paid  in  commutation  of  dues,  according  to  the  By-Laws,  chapter  I,  clause  2. 

2.  Donors  to  this  fund,  not  Fellows  of  the  Society,  in  the  sum  of  two  hundred 
dollaix,  shall  be  entitled,  without  charge,  to  the  publications  subsequently  appear- 
ing. 

Chapter  VIII. 

OF  ORDER  OF  BUSINESS. 

1.  The  Order  of  Business  at  Winter  Meetings  shall  be  as  follows : 

(1)  Call  to  order  by  the  presiding  officer. 

(2)  Introductory  ceremonies. 

(3)  Report  of  the  Council  (including  repor-ts  of  the  offic-ers). 

(4)  Appointment  of  the  Auditing  Committee. 

(5)  Declaration  of  the  vote  for  officers,  and  election  by  the  meeting  in  cai»e 

of  failure  to  elect  by  the  Society  through  transmitted  ballots. 

(6)  Declaration  of  the  vote  for  Fellows. 

(7)  Deferred  business. 

(8)  New  business. 

(9)  Announcements. 

(10)  Necrology. 

(11)  Reading  of  scientific  papers. 

2.  At  an  adjourned  session  the  order  shall  be  resumqd  at  the  place  reaches!  on 
the  previous  adjournment,  but  new  bu.sines8  will  be  in  order  before  the  reading  of 
scientific  papers. 

3.  At  the  Summer  Meeting  the  items  of  business  under  numbers  (3),  (4),  ('i). 
(10)  shall  be  omitted. 

4.  At  any  Special  Meeting  the  order  of  business  shall  be  numbers  (1),  (2),  (^). 
(9),  followed  by  the  special  business  for  which  the  meeting  was  called. 
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ADOPTED  BY  THE  COUNCIL  APRIL  21,  1801 
{ Revised  April  SO,  1894) 


General  Provwioxs. 

Section  1.  The  Council  shall  annually  appoint  from  their  own  number  a  Publi- 
cation Committee,  consisting  of  the  Secretary  and  two  others,  whose  duties  shall 
Ik*  to  determine  the  disposition  of  matter  offered  for  publication,  except  as  provided 
in  Section  17 ;  to  determine  the  expediency,  in  view  of  the  financial  condition  of 
the  Society,  of  publishing  any  matter  accepted  on  its  merits ;  to  exercise  general 
oversight  of  the  matter  and  manner  of  publication  ;  to  determine  the  share  of  the 
cost  of  publication  (including  illustrations)  to  be  borne  by  the  author  when  it  be- 
comes necessary  to  divide  cost  between  the  Society  and  the  author ;  to  adjudicate 
any  questions  relating  to  publication  that  may  be  raised  from  time  to  time  by  the 
Editor  or  by  the  Fellows  of  the  Society  ;  and  in  general  to  act  for  tjie  Council  in  all 
matters  pertaining  to  publication.  (Constitution,  Art.  IV,  7;  Art.  VII;  By-laws, 
chap.  VI.) 

2.  The  duties  of  the  Editor  are  to  receive  material  offered  for  publication ;  to  ex- 
amine the  same  and  submit  it  to  the  Publication  Committee,  with  estimates  as  to 
cost  of  publishing;  to  publish  all  material  accepted  for  that  purpose  by  the  Council 
or  Publication  Committee ;  to  revise  pnx)fs  in  connection  with  authors ;  to  prepare 
lists  of  contents  and  general  indices;  to  audit  bills  for  printing  and  illustrating; 
and  to  perform  all  other  duties  connected  with  publication  which  are  not  assigned 
to  other  officers.     (Constitution,  Art.  IV,  G;  Rules,  Sec.  16.) 

3.  The  duties  of  the  Secretary  include  the  pre]>aration  of  a  record  of  the  proceed- 
ings  of  each  meeting  of  the  Society  in  form  for  publication,  and  the  custody,  dis- 
tribution, sale,  exchange  or  other  authorized  disposition  of  the  publications.  (Con- 
stitution, Art.  IV,  4;  By-laws,  chap.  II,  2.) 

4.  Special  committees  may  be  appointed  by  the  Council  or  the  Publication  Com- 
mittee to  examine  and  report  \x\yo\\  any  matter  offered  for  publication.  (Rules, 
Sec.  16.) 

(&47) 
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The  Bulletin. 

5.  The  Society  shall  publish  a  serial  retx>rd  of  its  work  entitled  "  Bulletin  of  the 
Geological  Society  of  America.'* 

6.  The  Bulletin  shall  be  published,  for  immediate  distribution,  m  covered  parts 
or  brochures,  consecutively  paged  for  each  volume.  The  brochures  shall  be  desig- 
nated by  volume  numbei*a  and  limiting  pages,  and  each  shall  bear  a  special  title 
setting  forth  the  contents  and  authorship,  the  seal  and  imprint  of  the  Society  and 
the  date  of  publication  (Rules,  Sec.  27).  The  Bulletin  shall  also  be  published  in 
complete  volumes,  and  each  volume  shall  comprise  the  issue  of  a  calendar  year. 

7.  The  brochures  shall  be  classed  as  memoir  brochures  and  brochures  of  pro- 
ceedings. 

8.  Each  memoir  brochure  shall  consist  nonnally  of  a  single  memoir  or  article, 
either  accompanied  by  discussion  or  not ;  it  may  consist  exceptionally  of  two  or 
more  memoirs  where  the  subjectrmatter  is  closely  related. 

9.  The  proceedings  of  the  annual,  summer  and  special  meetings  of  the  Society, 
prepared  by  the  Secretary  (including  short  papers,  abstracts,  etc.),  shall  be  puln 
lished  as  separate  brochures  as  soon  as  may  be  after  these  meetings. 

10.  The  proceedings  of  the  annual  meeting  shall  fonn  the  closing  portion  of  the 
volume  for  the  year. 

11.  The  brochure  containing  the  proceedings  of  the  annual  meeting  shall  contain 
also  an  index  to  the  volume,  paged  consecutively  with  the  body  of  the  volume ; 
and  it  shall  be  accompanied  by  a  volume  title-page  and  lists  of  content*  and  illiu^- 
trations,  together  with  lists  of  the  publications  of  the  Society  and  such  other  mat- 
ter as  may  be  deemed  necessary  by  the  Publication  Committee,  all  arranged  under 
a  separate  Roman  pagination. 

Mattel'  of  the  BnlMm, 

12.  The  matter  published  in  the  Bulletin  shall  comprise  (1)  communications  pre- 
sented at  meetings  by  title  or  otherwise  ;  (2)  communications  or  memoirs  not  pre- 
sented before  the  Society ;  (3)  abstracts  of  papers  read  before  the  Society,  prepared 
or  revised  for  publication  by  authors;  (4)  rei>orts  of  discussions  made  before  the 
Society,  prepared  or  revised  for  publication  by  authors ;  (5)  proceedings  of  the 
meetings  of  the  Society  prepared  by  the  Secretary ;  (6)  plates,  maps  and  other  illus- 
trations necessary  for  the  proper  understanding  of  communications ;  (7)  lists  of 
Offi(*ers  and  Fellows,  Constitution,  By-laws,  resolutions  of  permanent  character, 
rules  relating  to  procedure,  to  publication  an<t  to  other  matters,  etc. ;  and  (8)  in- 
dices, title-pages  and  lists  of  contents  for  each  volume. 

13.  Communications  making  sixteen  or  more  printed  pages  of  text,  including 
figures,  shall  be  published  as  memoir-brochures.  Communications  making  les*  than 
sixteen  printed  pages  may  be  included  in  the  i)roc!eeding8  brochures  or  published 
as  memoir  brochures,  at  the  option  of  the  individual  authors ;  but  in  the  latter 
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ca.«t'  the  number  of  pages  shall  not  be  lefw  than  eight,  unless  authorized  by  the  Pub- 
lication Committee,  and  the  additional  expense  for  brochure  covers  and  distribution 
may  be  assessed  on  the  authors. 

14.  Abstracts,  reports  of  discussion,  or  other  matter  purporting  to  emanate  from 
any  author  shall  not  be  published  unless  it  has  be»en  either  prepared  or  revised  by 
the  author. 

15.  Manuscript  designed  for  publication  in  the  Bulletin  must  be  complete  as  to 
copy  for  text  and  illustration,  unless  by  special  arrangement  Ijetween  the  author 
and  the  Council  or  Publication  Committee ;  it  must  be  perfectly  legible  (preferably 
typewritten)  and  preceded  by  a  table  of  contents  (Rules,  Sec.  20).  The  cost  of  any 
necessary  revision  of  copy  or  reconstruction  of  illustrations  shall  be  assessed  upon 
the  author. 

16.  The  Editor  shall  examine  matter  designed  for  publication,  and  shall  prepare 
an  itemized  estimate  of  the  cost  of  publication  and  convey  the  whole  to  the  Publi- 
cation Committee.  The  Publication  Committee  shall  then  scrutinize  the  commu- 
nication with  reference,  first,  to  relevancy ;  second,  to  scientific  value ;  third,  to 
literary  character,  and,  fourth,  to  cost  of  publication,  including  revision.  For  advice 
with  reference  to  the  relevancy,  scientific  value  and  liteniry  character  of  any  com- 
munication the  Publication  Committee  may  refer  it  to  a  special  committee  of  their 
own  number  or  of  the  Society  at  large  or  may  call  to  their  aid  from  outside  one  or 
more  experts.  Questions  of  disagreement  l)etween  the  Editor  and  authors  shall  be 
referred  to  the  Publication  Committee,  and  appeal  may  be  taken  to  the  Council. 

17.  Communications  from  non-fellows  shall  be  published  only  by  specific  au- 
thority from  the  Council. 

18.  Communications  from  Fellows  not  presented  at  regular  meetings  of  the  So- 
ciety shall  be  published  only  upon  unanimous  vote  of  the  Publication  Committee, 
except  by  specific  authority  from  the  Council. 

19.  Matter  offered  for  publication  becomes  thereby  the  property  of  the  Society, 
and  shall  not  be  published  elsewhere  prior  to  publication  in  the  Bulletin,  except  by 
consent  of  the  Publication  Committee. 


Ddaihoflhe  Hu/hiin. 

20.  The  matter  of  each  memoir  published  as  a  separate  ))rochure  shall  be  classi- 
fied by  subjects,  and  the  classification  suitably  indicated  by  sub-titles  ;  and  a  list  of 
contents  shall  lx»  arranged  with  reference  to  the  sub-titles ;  and  such  brochure  may, 
at  the  option  of  the  Publication  Committee,  contain  an  alphabetical  index,  pro- 
vided the  same  be  prepared  by  the  author  and  paid  for  by  him. 

21.  Proofia  of  letter-])ress,  and,  when  necessary',  of  illustrations,  shall  be  sub- 
mitted to  authors  whenever  practicable  ;  but  printing  shall  not  he  delayed  by  rea- 
son of  absence  or  incaj)acity  of  authors  more  than  one  week  beyond  the  time 
ordinarily  required  for  the  transmission  of  mails.  Complete  proofs  of  the  proceed- 
ings of  meetings  shall  be  sent  to  the  Secretary ;  and  i)roofs  of  short  papers  and 
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alwtracte  ctmtaiued  therein  and  exceeding  one-half  page  in  length  shall  be  sent  also 
to  authors.     (Rules,  Sec.  14.) 

22.  The  cost  of  proof  correction  in  excess  of  five  pt»r  cent,  on  the  cost  of  print- 
ing may  be  charged  to  authors. 

23.  Unless  the  author  of  a  memoir  olyects  thereto  the  distmssion  uiwn  his  com- 
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